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Indonesia is seen as an important player in the fight against climate change and 
is under intense international pressure to curb its rate of deforestation due to oil palm 
plantation expansion. Oil palm plantings in Indonesia are estimated to occupy a record 
10.8 million hectares, with a mature “harvested” area of 8.9 million hectares (BPS, 
2012). Oil palm production in Indonesia hit a record 31.0 million tons in 2013 (USDA, 
2013). 
The oil palm industry is a pillar of the national economy in Indonesia, 
employing over 3.0 million people, representing roughly 4.5% of GDP, and generating 
export earnings totaling $10.4 billion in 2009. It is a vital agricultural industry, capable 
of delivering both substantially higher levels of hard currency earnings and job growth 
over the next 2-3 decades on the back of a rising world population and increasing 
demand for edible oils and biofuel (USDA, 2010).  
The commercial production of oil palm in Indonesia began to increase 
dramatically in the 1980s and 1990s when the Suharto government initiated support for 
the development of massive tree crop plantation industries (oil palm, coffee, and cocoa) 
as a means of generating domestic economic growth and export revenues. It also sought 
to facilitate the settlement of remote outer islands through transmigration programs. The 
national government established smallholder core plantations, which will be explained 
in more detail in the later part of Chapter 2. Sumatra was the original location for the 
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early development of oil palm plantation during the Dutch colonial period, as it had the 
best overall environment for its cultivation. In recent years, Indonesia has been 
increasingly successful at encouraging expansion of the crop in more remote locations, 
such as the Kalimantan (the Indonesian part of the island of Borneo), and on the island 
of Sulawesi.  
The Indonesian oil palm industry has contributed greatly to increases in the 
national, regional and local economy, and this is reflected in Government promotion 
and support. Private sector stakeholders are constantly looking for new land, and small 
farmers need support to manage oil palm as their main livelihood. This expansive 
tendency of the oil palm industry is expected to continue into the future. 
In September 2011, the Minister of Finance issued policy No. 
128/PMK.011/2011, which describes the discriminatory duty on oil palm products. This 
policy explained that the maximum Customs Exit (CE) CPO would be reduced from 
25% to 22.5%, while its derivatives (processed CPO) would be subject to lower CE (8% 
of the CPO). Meanwhile, for oleo-chemical products, there are absolutely no fees being 
charged. 
The expansion of cultivated fuel crop plantations, particularly oil palm, has 
promoted land clearing in forests. Converting lowland tropical rainforest in Indonesia to 
oil palm plantations for biodiesel would result in a biofuel carbon debt of 610 ton 
CO2/ha that could take 86 years to repay (Fargione, 2008). Moreover, the forest fires set 
to open new plantations in Sumatra and Kalimantan would spread haze to the 
neighboring countries of Singapore, Malaysia and Brunei (Zhou, 2009).  
In the Indonesian context, biofuel production volumes are negligible at present, 
despite government interest in promoting expansion of this sector. Since Indonesia is 
the number one largest oil palm producer in the world, however, oil palm is slated to 
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become the primary feedstock for biofuel production in the country. As oil palm 
consistently outperforms all other substitute vegetable oils on price, it is also becoming 
an important feedstock globally. While a rapidly growing global biofuel sector could 
develop into an important new market outlet for Indonesia, it does carry a number of 
negative factors that influence sustainability of oil palm plantation. A more sustainable 
plantation management system is, therefore, required to overcome these issues. 
This study aims to reflect on these issues by exploring the national policies 
regarding oil palm plantation development, provincial analysis, and the local social and 
land-use impacts of oil palm plantation through an integrated assessment method.  
The term integrated in this context means an interdisciplinary process of 
combining, interpreting and communicating knowledge from diverse scientific 
disciplines in such a way that the whole cause–effect chain of a problem can be 
evaluated from a synoptic perspective with two characteristics: (i) it should have added 
value compared to single disciplinary assessment; and (ii) it should provide useful 
information to decision makers (Rotmans and Dowlatabadi, 1997). Meanwhile, 
assessment refers to the analysis and review of information derived from research for 
the purpose of helping someone in a position of responsibility to think about problems 
and evaluate possible actions. It means assembling, summarizing, organizing, 
interpreting, and possibly reconciling pieces of existing knowledge, and communicating 
them so that they are relevant and helpful to an intelligent but inexpert decision-maker 
(Parson, 1995) 
The assessment method in this study is based both on household surveys to 
discover the perception of sustainability among relevant local stakeholder groups and on 
remote sensing analysis. Output of the study will be directly applicable to the biodiesel 
sector in Indonesia, and relevant for the whole Southeast Asia region. 
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There are different perspectives among stakeholders in concepts about and 
priorities of managing the forest. However, there is a lack of assessment in terms of 
analysing cooperation and coordination among them, particularly with regard to 
sustainable management. Although there are many definitions of sustainable, the most 
simple, clear and popular comes from the United Nations; "Development that meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs (UN, 1987).” 
Achieving sustainability requires that we strive to achieve continued social and 
economic development, closing the gap between the rich and the impoverished in such a 
way that does not jeopardize the ability of future generations to meet their needs. 
Understanding sustainability means recognizing that unlimited growth is impossible in a 
world with finite limits, and that the current economic model has both physical and 
ecological limits. 
Therefore, we need to assess the policies, strategies, environmental impacts and 
activities that have been developed regarding sustainability. 
   
1.2 Proposed Method and Significance of the Study 
This study attempted to develop a new method of integrated assessment for oil 
palm plantations (Fig. 1.1). Multi-scale analysis was employed to address the research 
objectives. National-scale analysis was conducted through the assessment of national 
policies and strategies related to the oil palm plantation industry. At the provincial scale, 
assessment was conducted based on remotely-sensed images that monitor changes in 
land use and land sources for the oil palm plantation expansion. For local-scale analysis, 
microclimate conditions and managerial assessment of transmigration villages was 
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conducted. Microclimate condition assessment in this study refers to the assessment of 
land surface temperature changes due to the expansion of oil palm plantation. 
The period of analysis ranged from the introduction of oil palm plantation in 
Indonesia (late 1950s) until the present (2013). 
Fig. 1.1. Framework of the study. 
1.3 Objectives and Issues 
At present there are several problems related to oil palm plantation development 
in Indonesia, including government policies, and environmental and socio-economic 
issues. A new approach is needed for sustainable assessment. This study has the 
following objectives: 
1. To provide a basis for understanding policy changes  
2. To analyze the sequence of policy changes regarding the development of 
oil palm plantations 
6 
 
3. To investigate patterns in the expansion of oil palm plantations, land 
sources for oil palm production, and GHG emissions resulting from 
tropical forest conversion in the leading province 
4. To document the effects of the expansion of oil palm plantations on local 
surface temperature 
5. To provide a sustainable oil palm plantation management model and 
description of best practices at the farm level 
1.4 Thesis Overview 
This thesis consists of 7 chapters. Chapter 2 is mainly a review of previous 
studies on topics related to oil palm plantation development in Indonesia.  
Chapter 3 describes the policy sequence associated with the development of oil 
palm plantations. This chapter will provide a basis for understanding policy changes 
that ultimately impact oil palm plantation development by:  
1. Identifying the sequence and influence of policy changes on the 
expansion process of oil palm plantations in Indonesia  
2. Discussing the national strategy to increase the added value and 
competitive capacity of Indonesian oil palm, as well as conditions for 
sustainable and fair development      
Chapter 4 is designed to accomplish three objectives toward our basic 
understanding of the oil palm plantation expansion process in Riau Province (the largest 
oil palm production province in Indonesia), Sumatra Island. :  
1. To investigate the patterns of expansion in oil palm plantations 
2. To investigate the land sources for oil palm production 
3. To measure the GHG emissions resulting from tropical forest conversion 
in the Riau Province 
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Chapter 5 represents new approaches to identifying vegetation density levels and 
their correlation with changes in surface temperature. It will:  
1. Propose a new method for measuring vegetation density in high-cover 
conditions 
2. Demonstrate a strong correlation between surface temperatures and a 
new vegetation index based on remotely-sensed images 
3. Use this correlation to demonstrate that surface temperatures have 
changed significantly since the expansion of oil palm in Indonesia 
Chapter 6 will attempt to accomplish three goals regarding cooperation between 
stakeholders in order to reach sustainable development through the case study of a 
transmigrant village in Riau Province: 
1. Assess the development of oil palm plantation and the cooperative 
organization of oil palm production from the perspective of sustainability 
2. Provide a sustainable oil palm plantation management model 
3. Discuss the application of best practices at the farm level   







There are several different research agendas related to the development of oil palm 
plantations in Indonesia, and studies have been conducted on each to some degree. In 
this chapter attempts to classify previous studies into four categories and to review them 
according to type.  
2.1 Oil palm plantation development, transmigration, and deforestation in 
Indonesia 
The two primary drivers of deforestation in Indonesia have been recognized: (1) 
policy and institutional factors such as the financing of foreign debs by exploiting 
natural resources, privatization of timber and tree crop estates, land tenure conflicts, and 
corrupt acts committed during election campaigns by local political leaders (Sunderlin 
and Resosudarmo, 1996; Burgess et al., 2011); and (2) agriculture and forestry prices, 
which generate more income via illegal logging and palm oil production than via other 
agricultural crops (Chomitz et al., 2007).  
In addition, domestic population growth has also been identified as an important 
driver. Population pressure in rural areas of Java Island due to population growth was 
the background behind the transmigration policies of the late 1980s under the Suharto 
government (Whitten, 1987). Transmigration from Java to other main islands such as 
Sumatra and Kalimantan brought about deforestation of tropical rainforest through the 
development of cultivated lands (Fearnside, 1997). Plantation crop development was 
first linked with transmigration during 1979-1984, at a time when the government was 
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applying for new World Bank loans. From the early 1980s, considerable World Bank 
and ADB funds were made available for tree crop plantation development using PIR 
(Perkebunan Inti Rakyat) schemes. Up to 80% of the participants in PIR projects were 
transmigrants, sent to newly cleared areas in remote regions in Kalimantan, Sumatra, 
Riau and West Papua. At the estate areas, they were provided with land, houses and 
community facilities and received agricultural support and extension services mainly to 
grow tree crops such as rubber and oil palm (Adhiati and Bobsien, 2001). This type of 
transmigration scheme inevitably led to environmental problems such as deforestation.  
The rapid growth of oil palm plantations in the past decade has led to a renewed 
call for transmigrants by district heads seeking an expanded labour force. A new system 
has evolved on a district-to-district basis with applicants in ‘sending districts’ (such as 
Java, Bali, and the poorer provinces of East and West Nusa Tenggara) being matched to 
requests from ‘receiving districts’ (in Sumatra, Kalimantan, Sulawesi and Papua), which 
largely depend on levels of plantation investment near proposed new transmigration 
sites. Coordination is in the hands of a rebranded central Ministry of Manpower and 
Transmigration. Integral to the ‘spatial’ organisation of the new transmigration will be 
the creation of towns or cities, known as Kota Terpadu Mandiri (‘Integrated self-
sufficient city’). Each new transmigration region (with its oil palm plantations) will 
form the ‘embryo’ for the city’s growth (Potter, 2012). 
After the 1990s, the development of palm oil plantations emerged as a major 
cause of deforestation, and as of 2010, the area of Indonesia’s palm oil estates have 
reached 8.1 million hectares (BPS, 2010). Between the introduction of oil palm 
plantations in Indonesia and 2011, the area devoted to oil palm plantation has grown to 
8.77 million hectares (BPS, 2011). 
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Koh et al. (2011) produced a 250-m spatial resolution map of closed canopy oil-
palm plantations in the lowlands of Borneo (2.4 million ha), and Sumatra (3.9 million 
ha). Their studies revealed that 6% (or ≈880,000 ha) of tropical peatlands in the region 
had been converted to oil palm plantations by the early 2000s. Conversion of 
peatswamp forests to oil palm led to biodiversity declines of 1% in Borneo (equivalent 
to four species of forest-dwelling birds), 3.4% in Sumatra (16 species), and 12.1% in 
Peninsular Malaysia (46 species). This land-use change also contributed to the loss of 
≈140 million Mg of aboveground biomass carbon, and annual emissions of ≈4.6 million 
Mg of belowground carbon from peat oxidation. Additionally, the loss of peatswamp 
forests implies the loss of carbon sequestration service through peat accumulation, 
which amounts to ≈660,000 Mg of carbon annually. By 2010, 2.3 million ha of 
peatswamp forests were clear-felled, and currently exist as degraded lands. 
Carlson et al. (2012) measured the oil palm development across Kalimantan 
(538,346 km
2
) from 1990–2010, and projected expansion through the year 2020 within 
government-allocated leases. Using Landsat satellite analyses to discern multiple land 
covers, coupled with above- and below-ground carbon accounting, they developed the 
first high-resolution carbon flux estimates from Kalimantan plantations. From 1990 to 
2010, 90% of lands converted to oil palm were forested (47% intact, 22% logged, 21% 
agroforests). By 2010, 87% of the total oil palm area (31,640 km
2
) occurred on mineral 
soils, and these plantations contributed 65–75% of 1990–2010 net oil palm emissions 
(0.020–0.024GtC per year). Plantation expansion in Kalimantan alone is projected to 




2.2 Revenue from oil palm industry and smallholder`s plantations 
Statistics regarding the production of oil palm and the area of oil palm 
plantations have been compiled by the United States Department of Agriculture 
(USDA) and the National Statistical Bureau of Indonesia (BPS). These statistics provide 
a picture of the expansion of oil palm production in Indonesia and increase our 
understanding of its share in the world. Oil palm plantations in Sumatra and Kalimantan 
produced ~50% of oil palm worldwide in 2009, In the near future, Indonesia’s 
government plans to double production by expansion of plantations on the Eastern side 
of the country (USDA, 2010). Higher prices and demand for biofuel and cooking oils 
drive the conversion of tropical forest into oil palm plantations (Lambin and Meyfroidt, 
2011). Indonesia’s oil palm estates reached 8.7 million hectares in 2011 (BPS, 2011). 
The palm oil extracted from Indonesian oil palm fresh fruit bunches is mostly exported 
to foreign countries. Total exports of Indonesia’s oil palm in the year 2011 increased to 
U.S. $19.38 billion from $4.34 billion in 2005 (BPS, 2011). 
In 2011, the five major Indonesian oil palm importing countries were India 
(50.54%), Malaysia (14.77%), Singapore (7.51%), the Netherlands (7.16%), and Italy 
(5.78%). India’s level of import reached 4.26 million tonnes of the total volume of 
Indonesia’s CPO exports, valued at US $4.46 billion (BPS, 2011). In India, 90% of the 
palm oil is used in food products such as margarine, shortening, and vegetable cooking 
oil, while the remaining 10% is used by various industries (API, 2011). 
The production cost for palm oil in Indonesia is very low, averaging $250-300 
per ton of crude palm oil in 2010 (CPO). This is mainly due to the cheap cost of labour. 
At that time, the market price of palm oil was $500-600 per ton. Therefore, the 
profitability for processors was very high. With this kind of demonstrated profitability, 
it is not surprising that there has been a surge of interest from both poor farmers and 
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commercial investors concerning palm oil ventures in the country, which are perceived 
to be a huge opportunity (USDA, 2010). 
According to Hasan (2010), the development of palm oil plantations in 
Indonesia provided occupations for about 15 million people. Moreover, foreign 
exchange earnings of US $10.4 billion were generated. In addition, the development of 
palm oil plantations offered the industrial raw material for the domestic manufacturing 
sector and promoted industrialization. The regional development of the peripheral areas, 
especially Sumatra and Kalimantan, depended on the development of palm oil 
plantations.  
Smallholders account for around 40% of national output of oil palm, equaling 
about 8.5 million tonnes (BPS, 2011). The expansion of oil palm plantations continues 
unabated to the present day, although more than 25 years have passed since Suharto 
introduced his transmigration policy. In addition, many transmigration villages have 
reached the point at which the oil palm trees must be rejuvenated. Therefore, now is a 
good time to ask what factors are important for smallholders in the sustainable 
management of oil palm plantations?  
2.3 Changes in land use, land cover, and environmental impacts 
Most studies have focused on identifying land source emissions at the regional 
scale. For example, Koh et al. (2011) quantified the expansion of oil palm plantations in 
tropical peatlands in the 2000s in Peninsular Malaysia, Sumatra, and Borneo. Gibbs et 
al. (2010) analysed the agricultural expansion across the tropics using a rich satellite 
library. Carlson et al. (2012) analysed Kalimantan’s forest conversion for oil palm 
plantations from 1990–2010 using Landsat satellite images and estimated carbon flux 
from the Kalimantan plantations. Canadell et al. (2007) estimated that CO2 emission 
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from peatland drainage in Southeast Asia was contributing the equivalent of 1.3% to 
3.1% of current global CO2 emissions from the combustion of fossil fuel. 
Tropical rainforests were the primary land source in the early stages of oil palm 
plantation development in Riau Province. Such areas are selected as locations for oil 
palm plantation because tropical climate conditions are suitable for production of high-
quality fresh oil palm fruit bunches (Fitzherbert et al., 2008; Corley and Tinker, 2003). 
Changes in land use and land cover (LULC) associated with local climate change 
effects have a much more significant influence than large-scale warming associated 
with increased global carbon dioxide emissions (Georgescu et al., 2011).  
The conversion of tropical forest and peatlands leads to substantial greenhouse 
gas (GHG) emission by LULC changes (DeFries and Rosenzweig, 2010). Indonesia has 
become a top GHG emitter, largely due to forest conversion (Harris et al, 2012). Other 
main factors in GHG emission are peatland conversion to oil palm plantations, and the 
increasing number of industrial forests (timber industry) and illegal-logging operations, 
which can ultimately lead to increased risk of forest burning. The construction of canals 
and drainages also leads to increased risk of fire (Langner and Siegert, 2009; Page et al, 
2002) 
However, since most previous research focused on the estimation of emission 
volume of GHG at a global and national scale, emission volume at the regional level has 
not been made clear. Furthermore, emissions of GHG from oil palm plantations have 
been poorly recorded in Indonesia. Therefore, quantifying the contribution of oil palm 
plantations to global GHG emissions and understanding the influence of expansion of 
oil palm production areas remain important areas of research. Given that there is no 
prior scientific documentation at the provincial level, investigations of the patterns of 
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expansion of oil palm plantations, land sources for oil palm plantation estate, and GHG 
emissions resulting from tropical forest conversion in Indonesia are needed. 
Some researchers have analyzed the correlation between agricultural expansion 
and local climate changes. Loarie et al. (2011) evaluated the association between 
sugarcane expansion and local climate change in Brazil. They found that the conversion 
of natural vegetation to a crop/pasture mosaic warmed air temperatures over a cerrado 
(a tropical savanna ecoregion of Brazil) by an average of 1.55 ºC (1.45–1.65), but that 
subsequent conversion of that mosaic to sugar cane cooled the region by an average of 
0.93 ºC (0.78–1.07), resulting in a mean net increase of 0.6 ºC. Ho et al. (2012) detected 
differences between land surface temperature and vegetation cover in northern China 
using satellite images. They found that double-cropping significantly increased 
temperatures in June compared with single-cropping. Meanwhile, Park et al. (2012) 
examined vegetation feedback in the United States (US). They found that increases in 
the vegetation greenness level increased moisture transfer from the soil to the 
atmosphere by the evapotranspiration process and created lower land surface 
temperatures in sub-humid regions, such as the southern, Midwestern and northwestern 
US.  
In the case of oil palm plantations, Luskin and Potts (2011) examined how 
habitat characteristics changed when forests were converted to plantations. They 
monitored the changes in microclimate conditions and vegetation structures of oil palm 
plantations and found that plantations were hotter and drier than forests. According to 
Luskin and Potts (2011) and Foster et al. (2011), oil palm plantations are associated 
with higher local temperatures, as well as lower humidity (Luskin and Potts, 2011; 
Foster et al., 2011). Nevertheless, until recently, there have been very few scientific 
studies on the effect of oil palm expansion on surface temperature changes on a regional 
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scale. Land-based methods for direct surface temperature measurements might suffice 
for temperature studies of small areas. However, for study on a regional scale, it is 
important to develop a suitably sensitive remote sensing method for determining surface 
temperatures. 
2.4 Measuring agriculture sustainability 
In any study of sustainable agriculture, the question arises as to how agricultural 
sustainability can be measured. Some have argued that the concept of sustainability is a 
“social construct” (David, 1989; Webster, 1999) that has yet to be made operational 
(Webster, 1997). The precise measurement of sustainability is impossible as it is a site-
specific and dynamic concept (Ikerd, 1993). To some extent, what is defined as 
sustainable depends on the perspectives of the analysts (Webster, 1999). Although 
precise measurement of sustainable agriculture is not possible, “when specific 
parameters or criteria are selected, it is possible to say whether certain trends are steady, 
going up or going down” (Pretty, 1995). For sustainable monitoring of oil palm 
plantation management it can be said that it is proper to employ multi-temporal remote 
sensing data, because this data is available in the public domain and provides long-term 
service (Ramdani, 2013).  
Two basic approaches to sustainability assessment have been developed. The 
first involves the exact measurement of single factors and their combination into 
meaningful parameters; the second uses indicators as an expression of complex 
situations, where an indicator is “a variable that compresses information concerning a 
relatively complex process, trend or state into a more readily understandable form” 
(Harrington et al., 1993) 
The main difficulty in measuring and monitoring agricultural sustainability is 
that it is a dynamic rather than static concept, and demands both a high level of 
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observation and skills that can adapt to change. Measuring sustainability at the farm 
level is currently the most precise method (Ikerd, 1993). Ikerd argued that sustainable 
farm management depended on a sustainable resource-use practice. Therefore, it was 
thought that the elements of sustainable farm management could be clarified if 
sustainable resource use was identified through village surveys.  
Indicators are necessary to know whether a farm system is moving towards or 
away from sustainability. Indicators can also be used to enlighten farmers and other 
stakeholders about sustainable production. Such indicators can provide farmers with 
tools to measure their achievements toward sustainability and allow for comparisons 
between farms’ performance in terms of the economic, social and environmental aspects 
of their production. Finally, indicators can be used to inform policy makers about the 
current state and trends in farm performance or sector performance. Sustainability 
performance measures can be used as input for policy tools and stimulate better 
integration of decision-making.  
Most previous studies measuring sustainability of oil palm plantation were based 
on mill performance and technology; i.e., on fuel consumption & machineries (Ludin et 
al., 2014), mill refinery networks (Choong & McKay, 2013), and energy efficiency 
(Silalertruksa & Gheewala, 2012). However, research that provides insight into the way 
in which such issues are defined by stakeholder’s cooperation towards sustainable 






Transition of development policies 
related to the palm oil industry in 
Indonesia 
3.1 Introduction 
This chapter was performed in the context of a remarkable increase in the 
demand for bio-energy throughout the world. That is, bio-energy is recognized to be one 
of the main potential substitutes for energy from fossil fuels. Indonesia palm oil 
production is mostly exported to foreign countries, and the rest is marketed inside the 
country.  
Therefore in this chapter introduce a sequence of policy changes regarding the 
development of palm oil plantations, describe the current status of the Indonesian 
biofuel industry, and discuss the national strategy to increase the added value and 
competitive capacity of Indonesian palm oil as well as sustainable and fair development.  
3.2 Policies related to palm oil development 
3.2.1 Nationalisation (1957-1969) 
On December 9, 1957, Prime Minister/Minister of Defence Djuanda 
Kartawidjaja issued a policy that all Dutch private companies were under Indonesian 
jurisdiction, and in 1958 the Indonesian Government established Policy No. 86 year 
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1958 with regard to the nationalisation of all Dutch private companies. Since 1967, 
palm oil companies have been managed by the National State Company (PNP-
Perusahaan Negara Perkebunan) and National Private Company (PBSN-Perusahaan 
Besar Swasta National). 
3.2.2 First development after independent (1970-1980) 
The national government established smallholder core plantations (PIR-
Perkebunan Inti Rakyat) that were PIR-local, PIR-special, PIR-supported, and PIR-
Trans on 1977/1978. Transmigration began in the time of the Dutch, in the year 1905, 
and the implementation of the transmigration period can be divided into three periods, 
namely: (1) the Dutch colonial era, 1905-1941; (2) the Japanese occupation, 1942-1945; 
and (3) the period after the independence of Indonesia, 1945-2005. Nine years after the 
allocation of areas to be surveyed and the planning of targets, settlement occurred in the 
fifth year of the process (Whitten, 1987), and especially in villages with palm oil, the 
settlers received their plantations after one- to two-year-old palm oil trees. At first the 
government provided the migrants with two types of plantations: palm oil and rubber. 
However, due to the low demand for rubber and the more difficult management of 
rubber plantations (i.e., the need to come to the plantation in the early morning 
everyday), the migrants converted their rubber plantations into palm oil plantations. 
 More recent transmigration policies are distinguished from previous policies 
both in size and in their relationship to national economic development. In the Suharto 
era, five-year economic development plans were approved five times, and development 
projects were executed on the basis of these plans. Transmigration policy was at the 
centre of these plans throughout this period. As a result, the area under development 
grew extremely large. During the third of these five-year economic development plans 
(1979-1984) 591,000 ha of forest was converted to plantation. And during the fourth 
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plan (1984-1989) 600,000 ha of forest was opened to plantation development. All 
information about the transmigration process was presented to potential smallholders on 
Java Island, before the transmigration started. 
3.2.3 The expansion period (1990 – 2010) 
Based on an analysis of the evolving legislation on plantations, the World 
Rainforest Movement (WRM) divided the legislation into five types of policy changes: 
the PIR-Trans Phase (up until October 1993), the Deregulation Phase (1993-1996), the 
Privatisation Phase (1996-1998), the Cooperative Phase (1998-2002) and the current 
Decentralisation Phase (2002-2006) (WRM, 2008). Table 3.1 summarizes the policy 
changes. 
Table 3.1 Five types of policies changes related to palm oil plantation (WRM, 
2008). 
Policy Period Right of permission Areal 
permitted  
PIR-Trans 1986-1993 Local Forestry Office 100 ha 
Deregulation 1993-1996 Governor 200 ha 
Privatization 1996-1998 Governor  200 ha  
Cooperative 1998-2002 Governor  10,000 ha 
    Minister of Forestry & Plantation 20,000 ha 
Decentralization 2002-2010 Regent/Major 1,000 ha 
    Department of Agriculture > 1,000 ha 
 
PIR-Trans (up until October 1993) is the period when the government of 
Indonesia divided the palm plantation business into two industries, namely the inti 
(core) and plasma parts of the business. The inti (core) industry is a large-scale effort 
over a large area, and the plasma industry is a palm plantation business that involves the 
labour of small farmers through the transmigration program. This regulation was 
published in 1986, and in 1990 efforts were made to ensure better coordination among 
government agencies to ease the permissions process in an effort to replace forest land 
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with palm oil plantations. Control of the forest remains centralised, and permit changes 
for land use can only be made by the local forestry office (Kanwil Kehutanan), which is 
given the authority to release 100 ha plots as new plantations. During this period, 
resident communities’ customary land rights were often not recognised. Instead 
indigenous peoples were inserted into the Transmigration schemes either by being 
resettled in transmigrant villages made up of local people (Translok) or by being moved 
to mixed settlements (Transmigrasi sisipan) composed of local people and state-
sponsored migrants from Java, Madura and Bali. Most PIR-Trans schemes allocated 
only 2 hectares to each transmigrant family (although in 2012 this amount was updated 
to be 4 ha for each family), half of which they were expected to plant with rice and half 
of which was to be developed as palm oil to supply the mills established alongside the 
nucleus estate.  
The Deregulation Phase (1993-1996) is when the government of Indonesia 
issued two laws as part of the National Deregulation Policy Package in October 1993. In 
general, this policy aims to give greater power to the Governor to support provincial 
development processes, as well as to ensure the commitment of private enterprises to 
invest for the long term in the province. The governor may issue permits for land use 
changes for forest land up to 200 hectares, while changes for areas of more than 200 
acres remain the responsibility of the Directorate General of Plantations in Jakarta. 
Private enterprises that apply for permits to convert forest lands are not allowed to 
transfer the ownership permit to another company. 
The Privatisation Phase (1996-1998) occurred at the end of President Soeharto’s 
government, when several laws were designed and enacted to encourage the growth of 
new palm oil plantations. Permits for the conversion of forest land to plantations were 
divided into three types: temporary permits, permits for one year, and permits that can 
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be changed to permanent licenses and permits for expansion of the palm oil plantation 
area. Before getting a permit to develop new plantations, the company also should 
already have logging permits in the same forest area. The new law also provides for the 
area in accordance with the Provincial Spatial Plan. 
The Cooperative Phase (1998-2002) spawned an era of reform that allowed 
politicians to make new policy regarding the development of rural areas. Efforts were 
made to encourage local development by  involving local communities to benefit 
directly from their own natural resources. Permits for the conversion of forest land into 
palm oil plantations of more than 20,000 ha  can only be issued by the Ministry of 
Forestry and Plantation, while the provincial governor can grant permission only for the 
conversion of up to 1,000 ha of forest land. Meanwhile, a law was issued prohibiting the 
conversion of protected forests into palm oil plantations. 
The Decentralisation Phase (2002-2009) brought about a change in the political 
situation in Indonesia, such that local governments now had greater power and control 
over land resources and budget management. This change had an impact on the 
development of the palm oil sector as well, in that local governments encouraged the 
development of medium-scale plantations. The Regent could now grant permission for 
the conversion of 1,000 hectares of forest for use in palm oil plantations. However, the 
power to grant licenses for the conversion of more than 1,000 hectares was held by the 
Department of Agriculture.  
When the policy changed, the area of palm oil plantations also expanded (Fig. 
3.1). The slowdown in palm oil planting is largely due to land use conflicts, the first and 
second phases of Indonesia’s forest moratorium, and a strong push to comply with both 
international and national sustainability requirements (USDA, 2014) 
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In the early transmigration program, the settlers tended to become laborers in the 
plantation areas in Sumatra, so that changes in land use from forest to the most 
extensive plantations mostly occurred in Sumatra in the early period. In the reformation 
era, transmigration was considered to improve the welfare of the community, with an 
emphasis on the role of participation in community and local government. Kalimantan 
Island became a destination for settlers in addition to Sumatra, but not many studies 
have been done on the implementation of resettlement in the reformation era. 
 
Fig. 3.1. Indonesian palm oil area development and policies transition. 
Source: 
Year 1925 – 1940, year 1975 – 1998 from Corley and Tinker, 2003 
Year 1968 – 1969 from BPS, 1995 
Year 2001 – 2006 from BPS, 2007 
Year 2007 – 2008 from BPS, 2010 
Year 2010 – 2012 from BPS, 2011 
Year 2013-2014 from USDA, 2014 
3.3 Policies related to tax and finance 
The imposition of export taxes in a competitive market structure generally 
decline the amount of export due to increase of exporting price (Reed, 2000). The 














































revenue in 1990s. From previous studies, Mohamad et al. (2001) found that the net 
stock of Indonesian palm oil exports fell 44.5% in October 1994 after the 
implementation of the export tax in September 1994. The negative effect of the 
Indonesian palm oil export tax was peaking in December 1994, when the tax reduced 
the volume of net exports by 64.4%. The most damaging impact of the policy has been 
in exports and on farmers’ income. Susila in 2004 found that the export tax policy has 
inhibited the growth rates of investment, production, export and farm income. 
When Bartholomew (1997) analysed the effect of the palm oil export tax on 
income distribution in Indonesia using a static model, he found that the export tax on 
palm oil kept product prices low, thus benefitting consumers. In addition, he found that 
producers profit had only decreased. Government gets revenue from palm oil export 
taxes, but the loss of revenue for the government's role as owner of the palm oil 
plantations. Thus, the result was that the government's loss was larger than the gain due 
to export taxes for palm oil. Clearly, the export tax policies not only reduced the 
competitiveness of Indonesia's palm oil industry but were also painful for CPO 
producers, some of which were smallholders, because of the decline in CPO prices 
relative to world market prices. On the other hand, refiners that processed crude palm 
oil into various products such as cooking oil, margarine, and shortening benefitted from 
this policy because they were able to acquire CPO at a lower price (Mohamad et al., 
2001). The export tax policy also hampered the development of the palm oil industry in 
Indonesia as a whole and did not encourage the diversification of cooking oil. The 
imposition of a tax on CPO exports led to a shift from the export market to the domestic 
market, thus lowering the price of cooking oil. This increased competition in the 
domestic palm oil industry, which would not provide more raw materials for domestic 
cooking oil (Soeherman, et al., 2006). 
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The revitalisation program was implemented in 2006, this program involved 
regulations from the Minister of Agriculture (No. 33/Permentan/05/06) and the Minister 
of Finance (No. 117/PMK/12/06) as well as the appointment of five bank executives by 
the Minister of Finance, Bank BRI, Bank Mandiri, Bank Bukopin, Bank of North 
Sumatra and Bank Nagari. To run this program, the government had to subsidise the 
bank loan interest rate so that the farmers were 'only' subject to a maximum rate of 10% 
(Director General of Plantations, 2007; Nuryanti, 2008). 
In the revitalisation of plantations, the government has assisted in helping to 
provide the following (Dradjat, 2007): (1) Investment and financing, such as the 
provision of investment and interest subsidies for the renovation, rehabilitation and 
expansion of palm oil, rubber, and cocoa plantations; (2) land management and spatial 
planning, such as the establishment and utilisation of productive land for the 
construction of palm oil plantations in the Kalimantan border area; (3) environmental 
and natural resources, such as the development of forest industry and participatory 
natural resource management; (4) agricultural infrastructure; (5) human resource 
development and empowerment of farmers; (6) incentives, funding for research, and 
technological development; (7) formulation of trade policy that promotes the interests of 
the nation; (8) promotion and marketing, and (9) incentive taxation and levies to lighten 
the load for the removal of agricultural commodities.  
The government's revitalization program mainly focused on utilising the banking 
fund to encourage the empowerment of farmers who have land but have not achieved 
maximum utilisation of it. National development targets include the expansion, 
rejuvenation and rehabilitation of an area of 2 million hectares through 2010. Funding is 
provided to farmers to help with costs from the purchasing of seeds to post-harvest, 
including the cost of the maintenance of land certificates. The interest subsidy from the 
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government covers 3 to 4 percentage points of the interest rate, and farmers pay only 10 
percent mortgage interest during the grace period. The amount of interest after the grace 
period is in accordance with the applicable provisions in the bank (Bank Indonesia, 
2009). 
The Minister of Finance issued policy No. 128/PMK.011/2011 regarding who 
takes out a discriminatory duty on palm oil products. In this policy, which started in 
September 2011, the maximum Customs Exit (CE) CPO was reduced from 25 to 22.5%, 
while CPO derivatives (processed CPO) are subjected to a lower CE. For oleochemical 
products, absolutely no fees are charged (Director General of Customs, 2011). This 
policy could lead to greater expansion of palm oil plantations in Indonesia. 
3.4 Policies related to socioeconomics and environment  
However, to allay fears over the loss of forest area, the Government passed a 
moratorium on forest conversion to plantations in 2005. The moratorium was signed by 
the Government of Indonesia to the IMF, however, it was not clear how long the 
moratorium should continue and whether this moratorium was to cover the actual 
conversion of forest land or forest land status changes. The Forestry Department issued 
new regulations for local governments in February 2005. These regulations conflict 
with one another, as one stated that the moratorium is still in effect, while others stated 
that to optimise the use of forest land for plantations the Department will evaluate 
proposed conversions of forest land for plantations. The Ministry also responded to a 
proposal to open new palm oil plantations covering 1.8 million hectares in the heart of 
Borneo (WRM, 2008). On May 19, 2011, the Government of Indonesia signed another 
moratorium with the Norwegian government with a value of US$ 1 billion; in this 
moratorium Indonesia promised to stop issuing new permits to exploit natural forest and 
peatland within two years (Simamora, 2011). 
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Based on the Draft Regulation proposed by the Government of the Republic of 
Indonesia in 2009 regarding the Customary Law Community and Traditional Forest 
Management, harvesting in the region surrounding the forest to meet the needs of 
everyday life as referred to in Article 7, is permitted in the following circumstances: a. 
Harvesting or forest resource use on traditional patterns; b. Livelihood dependency on 
forest resources; c. Social systems and cultural practices attached to the forest resources; 
and d. Potential of forest resources to still support the livelihood of indigenous peoples. 
Other policies, such as Spatial Policy No. 26/2007 Article 20 paragraph 1 letter c, 
mentioned that national protected areas are areas that are not permitted and/or that are 
restricted use spaces with the main function of protecting environmental sustainability. 
These areas include natural and artificial resources, areas with an important cultural 
heritage and history, as well as areas needed to reduce the impact of natural disasters 
(PU, 2007).  
Article 3 of Law Number 32 Year 2009, the Protection and Environmental 
Management Act (UUPPLH), establishes the protection and management of the living 
environment as follows: a. To protect the territory of the Republic of Indonesia against 
pollution and damage to the environment; b. To ensure safety, health, and human life; c. 
To ensure the survival of living beings and ecosystems; d. To preserve the 
environmental functions; e. To achieve harmony and balance the environment; f. To 
guarantee fairness to the present generation and future generations; g. To ensure 
compliance and protection of the right to the environment as a human right; h. To 
control the use of natural resources wisely; i. To promote sustainable development; and 
j. To anticipated global environmental issues (e.g. to tackle GHG emission in National 
Level that will contributed to Global Level) (Public Service Department, 2009). 
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The locations of palm oil plantations should be in accordance with the 
Provincial Spatial Plan (RUTWP) or the Regional Spatial Plan (RTUWK). These 
provisions can be seen in Article 61 of Law No. 26 of 2007 on Spatial Planning Policy. 
With regard to the utilisation of space, each person must: a. Comply with the spatial 
plan which has been established; b. Utilise the space in accordance with the space 
utilisation permitted by authorised officials; c.  Comply with the requirements specified 
in the permitted space utilisation, and d. Provide access to the area declared by the 
provisions of the legislation to be public property (Public Service Department, 2007). 
Furthermore, Article 67 and Article 68 of the Protection and Environmental 
Management Policy regulate the obligations to protect and manage the environment. 
The Protection and Environmental Management Policy, Article 67, stipulates that: 
“every person is obliged to maintain the preservation of the environment and control 
pollution and/or environmental damage”. Article 68 provides that: “Any person doing 
business and/or activity must: a. Provide information related to the protection and 
management of the environments that is true, accurate, open, and timely; b. Maintain 
the continuity of environmental functions, and c. Comply with the provisions of 
environmental quality standards and/or the standard criteria of environmental damage 
(PU, 2009). 
Article 3 of Permentan (Minister of Agriculture Policy) 
19/Permentan/OT.140/3/2011, provides that: “Palm oil Company at the latest until the 
date of December 31, 2014 should already have conducted business in accordance with 
the provisions of this Regulation.” The provision suggests that the Company should be 
able to realize plantation business systems that are economically viable, have social 
worth, and environmentally friendly based on existing regulations in Indonesia no later 
than December 31, 2014  (Minister of Agriculture, 2011). However, all the policies 
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mentioned above lack enforcement, and there is a need for the carrying capacity and 




3.5 Current status of palm oil plantation in Indonesia 
The area covered by palm oil plantations in 2004 was 5.72 million hectares, and 
it increased to 7.95 million hectares in 2009. It is estimated that the area of palm oil 
plantations increased to 8.11 million hectares in 2010 (BPS, 2010). 
Palm oil production in Indonesia in 2010-2011 is estimated at 24.5 million tons, 
up 3.0 million or 14% from 2009-2010. World palm oil prices have been strong over the 
past year and have continued to encourage the expansion of palm oil plantations in the 
country, and about 0.7 million hectares of new area has entered the production phase in 
the last 12 months alone. The area of palm oil plantations that has grown to maturity is 
now estimated to have reached 5.9 million hectares of the total estimated area of about 
8.0 million. The Indonesian government is fully committed to producing sustainable 
palm oil, and intends to double its palm oil production capacity to 40.0 million tons in 
10 years. This increase in capacity will require further expansion of palm oil plantations 
at a rate of about 0.7 million hectares per year (USDA, 2010). 
Based on the management status, in 2010, 53.94% or almost 4.37 million 
hectares are managed by private companies, 37.95% or 3.08 million hectares are 
managed by smallholders, and only 8.11% or 0.65 million hectares are managed by 
state companies.  
If the output of these smallholders can be certified, they will greatly increase 
Indonesia’s contribution to global certified sustainable palm oil (CSPO) output. As of 
February, 2012, Indonesia has contributed 42.4% of the world’s total CSPO output as 
compared to Malaysia’s 47.3%. Indonesia’s output was produced from a total of 
465,745 hectares of sustainable palm oil plantations nationwide, in comparison to 
Malaysia’s 534,861 hectares (Yulisman, 2012).  
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Crude palm oil production in 2004 was 12.33 million tons, and it increased to 
21.39 million tons in 2009. It is estimated that crude palm oil production increased 
2.65% to 21.95 million tons in 2010. In the last seven years total exports increased from 
17.12 to 35.76%, with decreases only in 2007 (1.23%) and 2010 (3.61%). For 2004, the 
export value was US$ 3.94 billion, increased to US$ 15.20 billion in 2010 (BPS, 2010). 
The five main importer countries of Indonesia’s crude palm oil in 2010 were 
India, Malaysia, Netherlands, Italy, and Singapore (Fig. 3.2). The export volume to 
India was 4.45 million tons or 47.11% of the total export volume of Indonesia’s crude 
palm oil, with a value of US$ 3.63 billion. The export volume to Malaysia was 1.32 
million tons or 13.96% of the total export volume of Indonesia’s crude palm oil, with a 
value of US$ 1.06 billion. The export volume to the Netherlands was 0.95 million tons 
or 10.04% of the total export volume of Indonesia’s crude palm oil, with a value of 
US$ 800.8 million. The export volume to Italy was 0.63 million tons or 6.61% of the 
total export volume of Indonesia’s crude palm oil, with a value of US$ 474.1 million, 
and the export volume to Singapore was 0.57 million tons or 6.07% of the total export 




Fig. 3.2. Export of palm oil to country of destinantion based on volume (million 
tons) in year 2010. Source: BPS, 2011 
 
In India, palm oil is the most widely used vegetable oil for domestic use, 
industrial food processors, restaurants and hotels. This oil is used for frying foods and 
making cakes. It is sold in the form of "loose oil" or as "Vanaspati" in the local 
language. Vanaspati oil consumed by low-income families is usually not branded and 
uses conventional packaging. Most of the oil consumption in India is for the 
manufacture of baked goods. While middle and upper-income residents use oil that is 
branded and packaged well (Orth and Zakaria, 2010), 90% of the palm oil is used in 
food products such as margarine, shortening, and vegetable cooking oil, while the 




3.6. Strategy for Indonesia’s palm oil  
Biofuel is also used as an energy resource for transportation, electricity, and 
other sectors in Indonesia. To increase the added value and competitive capacity of 
Indonesia’s palm oil, the National Development Planning Bureau (BAPPENAS) 
announced a palm oil policy and a strategy for sustainability and fairness for 
Indonesia’s palm oil industry in 2010. This strategy consisted of eight components: (i) 
Promotion, advocacy and campaign; (ii) downstream product and added value of palm 
oil product; (iii) law enforcement and strengthening of sustainable development; (iv) 
transparency of information regarding palm oil development; (v) smallholder 
accessibility to information and financial support; (vi) control of tropical rainforest and 
peat land conversions; (vii) support for RSPO’s Principles and Criteria; and (viii) 
development of a conflict resolution mechanism (Haryana, 2010). 
Sustainable palm oil production has become a key issue for the smallholder palm 
oil industry due to the more stringent requirements from large buyers in terms of social 
and environmental standards. Large buyers from European countries are also committed 
to source only sustainable palm oil by 2015, and to address this issue, the government 
has started to apply the so-called Indonesian Sustainable Palm Oil standard, which is 
mandatory for all palm oil plantations. 
 
3.7 Implementation of strategy  
The Indonesian palm oil industry now faces many problems, and each problem 
requires a different solution. Thus, the national biofuel strategy is divided into five 
classes: technology, social issues, economy, environment, and management, as shown 
in Fig. 3.3. Implementation of solutions to technological problems creates a palm oil 
industrial cluster based on production potential, increased, sustainable and fair financial 
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support for smallholders, integrated development of infrastructure, fiscal incentive, 
credit allocation for investment and development of downstream industry. Furthermore, 
this implementation strengthens research and development with the financial support 
and cooperation of private company, universities, and research institute to increase 
Indonesia’s competitive capacity for palm oil. 
The implementation of solutions for social problems includes provisions for the 
delivery of information in simple language that stakeholders can understand by the 
institutions of the central government and area of plantation and palm oil processing 
industry to stakeholders, particularly individuals and local communities, associated with 
the licensing, development and processing of palm oil plantations. It also includes the 
handling of negative and positive impacts of the development of palm oil. A 
cooperative partnership between the company's plantation and processing industry of 
palm oil with the surrounding communities / farmers to develop smallholders is also 
included. Another provision is the institutional strengthening of smallholder human 
resources, both the farmers and company. Furthermore, the implementation of solutions 
in economic problems include the modification of the palm oil plantation revitalization 
program through the provision of unsecured credit facilities, especially for the 
rejuvenation of the palm oil plantations of smallholders. Interest subsidies of loan 
interest rates should be lower and more affordable to smallholders. The application of 
the palm oil rejuvenation model has accounted for the needs for technological, capital 
and management rejuvenation, especially for the palm oil plantations of smallholders. 
The development of palm oil agribusiness support services, such as the provision of 
technology, the means of production (organic and non-organic fertilizers, and 
medicines) and infrastructure (tools and machinery), should be as extensive for 
smallholders as they are for agribusiness. The implementation of a partnership between 
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smallholder institutions and agency companies should be effective and equitable in 
accordance with laws and regulations (i.e., the Partnership Act, the Act and the 
Prohibition of Monopolistic and Unhealthy Competition and Implementation Rules). 
Socialization with and training in Indonesian sustainable palm oil principles and 
criteria, particularly among smallholders, and support for the regular monitoring and 
evaluation of the application of Indonesian sustainable palm oil principles and criteria 
should be implemented. Furthermore, for tropical rainforest and peat land that have 
been converted, the development of new plantation areas are should matched between 
the Consensus Forest Land Use Plan (TGHK) with Spatial Planning (RTRW) at all 
levels. The strengthening of spatial planning is done through the mechanism of 
incentives and disincentives as well as through the imposition of restrictions. Areas that 
do not resolve the mismatched, especially areas with palm oil plantations, require 
serious attention. The acceleration of the lease allocation permissions of tropical 
rainforest for other uses must be detained. Monitoring and evaluation should refer to 
legislation policies including a moratorium on forest. Granting permission for the 
expansion of companies that perform well in palm oil plantation management, i.e. 
companies that implement sustainable management practices and show the main 
indicators of productivity, is done in accordance with productivity according to land 
class. Such expansion is allowed only if the productivity of the palm oil plantation has 
reached an optimum point. The expansion is implemented by using abandoned 
agricultural land.  
The last implementation strategy involves improving the management of palm 
oil plantations by strengthening the development of palm oil plantations and enforcing 
applicable laws, providing sustainable governance and licensing by law enforcement in 
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the development of the management system, and through the licensing of sustainable 
palm oil by applying orderly indicators and clear requirements. 
 
Fig. 3.3. National Biofuel Strategy 
 
3.8 Concluding remarks 
This study identifies the lessons that can be learned from the changes in policies 
regarding the development of palm oil plantations. The nationalization and first 
development of this industry after independence shaped Indonesian economy based on 
forestry and plantation resources. The government enacted further policy to encourage 
local economies and controlled the population growth in Java through a transmigration 
program. 
However, changing from centralized to decentralized policies during 2002-2010 
resulted in deforestation and environmental degradation. The greater power of local 









Local leaders such as Governor, Regent, or Major issued multinational 
companies approval of large scale development of palm oil plantation without 
consideration concerning environmental conservation. 
Recently, due to pressure from outsiders and the strict requirements of European 
buyer/importers, the government began to implement a system of sustainable 
management, leading to the production of a product known as Indonesian sustainable 
palm oil.  
To meet the world demand, increase the competitiveness of Indonesian palm oil, 
as well as shape a sustainable pattern of development, the government now invokes the 
National Biofuel Strategy.   
The implementation of the National Biofuel Strategy and Policy with strong law 
enforcement and regular evaluation of every policy must be a top concern of the 
Indonesian government at every level, from national to local. The five classifications in 
the National Biofuel Strategy will help the country to increase the added value and 
competitive capacity of Indonesian palm oil and will enable smallholders in the palm oil 







Provincial Land Use Land Cover 
Assessment and GHG Emission 
Measurement 
 
4.1Material and Methods 
4.1.1 Study area 
The Riau Province study area (~8.9 million ha) lies at 2-91 m above sea level 
(asl). This province has a tropical climate, with an average rainfall ranging from 1,000-
3,000 mm per year, with a dry season (April-September) and a rainy season (October-
March). The Riau Province (Fig. 4.1) is located between 01° 05' 00" South latitude - 02° 
25' 00" North latitude, and at between 100° 00' 00"- 105° 05' 00" East longitude. 
Regional Indonesian residents have diverse ethnicities (e.g. Melayu, Minangkabau, 
Jawa, Batak, Bugis/Makassar, Tionghoa, and Arab), including state-sponsored and 
independent transmigrants. The population density in 2010 was 64 people/km2, 
concentrated in the provincial capital city Pekan Baru. 
4.1.2 Data 
 The analysis of oil palm plantations in this study was derived from two satellite 
images: Landsat 5 TM & Landsat 7 ETM+ from http://glovis.usgs.gov/. The resolution 
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of  enhanced thematic mapper plus (ETM+) has a spatial resolution of 30m for blue, 
green, red, near IR, SWIR, and mid-IR wavelength. The resolution of the thematic 
mapper (TM) is the same for the blue to mid-IR reflectance bands. For the Riau 
Province, this study used 14 scenes in 1990s (1990 – 1993) and 2000s (2000 – 2003), 
while in 2012 this study used 22 scenes, because there were gaps in the image 
acquisition in 2012. To fill the gaps I needed a minimum of two images which can serve 
as a filler and one image that can act as the main image to be filled, with the same 
month/seasons of acquisition. Fortunately, the cloud cover of my images varies only 
between 11 and 22%.  
 
 
Fig. 4.1. Study area and oil palm development. (a)1990s as the initial state; (b) 2000s; 





4.1.3 Land cover classification 
 The main software used for analysing the data is ENVI. This software has a 
powerful image processing operation capability. The raw data were atmospherically 
corrected for reflectance, and for slope of the soil line derived from a regression 
analysis of the reflectance values contained in the near infrared band by those contained 
in the red band. This step was employed to separate green vegetation from soil 
background. WDRVI (Wide Dynamic Range Vegetation Index) transformation was 
done in single-era mosaicked images for fractional vegetation cover analysis (i.e. soil 
exposed, non-photosynthetic vegetation, and photosynthetic vegetation). A decision-tree 
algorithm was employed to detect the transformation from tropical rainforest into oil 
palm plantations. There are eight steps comprised in the remotely-sensed image  
algorithm: (i) atmospheric correction into top atmospheric reflectance from raw DN 
data; (ii) WDRVI transformation; (iii) enhanced Lee adaptive filter (Lopes, Touzi, and 
Nezry, 1990) to decrease the high spatial frequency of the images; (iv) classification of 
land use land cover based on supervised method (user-selected samples), unique type of 
oil palm appeareance in satellite images are represented in gridded pattern of roads 
networks; (v) segmentation images based on supervised image classification; (vi) 
majority and clump analysis; (vii) reclassification of missclassified class (i.e. oil palm 
plantation area <10 ha into the forest; (viii) convert raster land use land cover 
classification into a vector as manually digitized from classification result (Fig. 4.2). 
A hybrid integration method, on the basis of digital datasets generated by 
combining the automatic processing and manual analysis yielded the best results, 
especially when unique gridded patterns indicating variables oil palm development 
(land clearing) and gridded road network in new planted, young and mature oil palm 
trees are included as one class. 
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Seven land use / land cover classes were produced from the classification: (i) 
cultivated (consist of land for growing crop by farmers and traditional local peoples); 
(ii) oil palm plantation (consist of land clearing, new planted, young and mature trees); 
(iii) forest (consist of primary, secondary, wetland, and mangrove); (iv) settlement 
(consist of urban and rural areas); (v) other plantation (rubber and productive forest 
plantation); (vi) oil and gas field; (vii) water body (consist of river and lake). 
Fortunately, the study areas are relatively flat, so I do not have to use the slope 
and aspect data to correctly classify brights or dark pixels in the images. Masking was 




Fig. 4.2. Remotely-sensed image processing algorithm  
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4.1.4 Land cover classification validation 
 Converted vector data were transformed into a KML / KMZ format to make data 
available for display and assessment of land cover validation done in Google Earth. 164 
points were selected randomly from each classification result. Points were then 
superimposed and a visual assessment was done. The extensive field work survey was 
conducted from May 5 to May 23, 2012 to verify points using the global positioning 
system (GPS).  
4.1.5 Analysis of oil palm expansion in different land types 
 To assess the expansion of oil palm plantations in the Riau Province, I obtained 
GIS datasets from the Riau Province Government (i.e. Riau Province Spatial Plan – 
RTRWP/Rencana Tata Ruang Wilayah Propinsi). Moratorium (intact forest, peatlands 
and mangrove) GIS datasets were obtained from the Minister of Forestry. Data on 
administrative boundaries were derived from the National Geo-spatial Information 
Beaureau (BIG - Badan Informasi Geo-spasial). Datasets on oil palm plantation and 
land clearing were superimposed on the moratorium dataset to understand the role of the 
moratorium policy and the genesis of land of oil palm plantations. 
4.1.6 GHG emission measurement 
The assumption used is that oil palm plantations will produce emissions if 
located on land that was previously used by the sectors or types of land use that have 
larger carbon stocks. The 1990s are used to describe the initial state. By identifying the 
extent of land use change at provincial level from 1990s to 2000s and from 2000s to 
2012, and associating the change with the standard carbon stock value owned by each 
land use (Table 1), the carbondioxide emission can then be measured. The next step is 
to measure the amount of CO2 released by each land use  class. The amount of CO2 
emissions is obtained by multiplication of the carbon loss value with the molecular 
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weight ratio of carbon dioxide to carbon, i.e. 3.67 (IPCC, 2000). The methodology to 
calculate the CO2 emission from GIS datasets is as shown in Fig. 4.3: 
 
 
Fig. 4.3. Methodology to calculate CO2 emission 
Where: 
C loss = Carbon loss of land which used to be as peatlands or forest 
ΔA = growth of land occupation by oil palm plantations in two different periods 
(ha) on land which used to be peatlands or forest. 
C stock = Carbon stock (Mg.ha
-1
) in land which used to be peatlands or forest), 
see Table 4.1. 
Table 4.1. Standard carbon stock in Indonesia (Hairiah et al, 2005) 












derived from the average value of primary, secondary, and logged-over-forest 
2
derived from the average value of plantation in general and rubber plantation 
1 Mg = 1 ton 
Calculate growth in land occupation area 
Calculate carbon loss 
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4.2 Results and Discussion 
4.2.1 Oil palm development and land sources 
Areas cleared for oil palm plantation in the Riau Province were obtained from 
Landsat satellite images (pixel resolution 30 m, n=36 scenes) in 1990s, 2000s, and 2012. 
In this province, land clearing for oil palm plantation was first observed in the 1988 on 
the North-West and South-East part. In the 1990s, oil palm plantations covered ~0.7 
million ha (~8% of the total provincial area). From 1990s to 2000s, the plantations 
expanded to occupy ~1.4 million ha (~16% of the total provincial area), and by 2012, 
they covered ~1.6 million ha (~20% of the total provincial area, see Fig. 4.1). Changes 
in policy and world market demand seemingly played a key role in this expansion 
(Ramdani and Hino, 2013). Between 1990 and 2000s, intact forest and peatlands were 
the primary land areas used for conversion into oil palm plantations. Meanwhile 
between 2000s and 2012 period, 28% of oil palm plantation was based on mineral soil 
of intact and logged forest, 70% from peatlands and 2% from converted mangrove (Fig. 
4.4). Oil palm expansion in the Riau Province was controlled by lease allocation and 
National & Provincial Government policies, and influenced by market demand. By 
2010, there were 139 oil palm companies in the Riau Province, consisting of two public 
companies (i.e. PT. Perkebunan Nusantara V & VI) and 137 private multinational 
companies (BPS, 2011). The years between 1996 and 2002 were the period of 
privatization and cooperation, which corresponded with the reformation era following 
the termination of President Soeharto’s governance. During this period, the governor of 
the province acquired more powers to encourage economic growth by the development 
of oil palm plantations. A new policy was established and the governor could grant 
permission for land utilization up to 10,000 ha to private companies, from only 200 ha 
in the period between 1993 and 1996 (deregulation period). Permits for land utilization 
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of areas more than 20,000 ha could only be issued by the Ministry of Forestry and 
Plantation in Jakarta. From 2002 up to recently, even regents could grant permission for 
land allocation up to 1,000 ha (WRM, 2008). The decentralization policy allows local 
government to make new policies in order to improve the economy, which led to large 
expansion of oil palm plantations in the Riau Province. 
 
Fig. 4.4. Land source of oil palm development. 
4.2.2 Tropical rainforest cover lost 
Tropical rainforest cover decreased from ~63% in the period 1990s to ~37% in 
the 2000s with a notable decline in intact forest area. In 2012, the Riau Province’s 
tropical rainforest covered only ~22%. In the 1990s, the major proximate causes of 
tropical rainforest cover loss were attributed to a transmigration program, which caused 
tropical rainforest to be transformed into settlements, land clearing activity for oil palm 
and rubber plantation, and the use of fires for agricultural conversion. In the Soeharto 

















III fiscal year (FY) 1979-1984 emphasized development of agriculture-related industry 
and other industries. During this period, the Central Government made 591,000 ha of 
forests available for conversion, among others 110,380 ha for plantations and 124,980 
ha for transmigrant resettlements. During the Repelita IV period (FY 1984-1989), 
600,000 ha of existing forests were converted into oil palm and rubber plantation, in 
addition to land converted for transmigration. The Repelita V period (FY) 1989-1994 
targeted transportation and communications. During the 1980s, these plans also gave a 
greater role for private capital in industry. In the 2000s up to 2012, the loss of tropical 
rainforest corresponded with higher prices of world palm oil and higher demand from 
European countries (Oil World, 2010). Cultivated areas were always increasing during 
the periods of analysis, as the main livelihood of the local people of the Riau province is 
shifted to cultivation of crops. The cultivated area increased from ~23% of the total 





Fig. 4.5. Shows that oil palm plantation first were converted from tropical forest at the 
Western side of the Riau Province, then gradually expanding to the Eastern side. The 
Western side land cover originally was tropical forest and the Eastern side was 
peatlands with varying depth. 
 
4.2.3 CO2 emission from peatlands drained for oil palm plantations 
In the 1990s and 2000s, total CO2 released to the atmosphere was estimated at 
~538,000 tCO2.y−1, with peatlands as the source of 40.62% CO2 emissions in this 
period. After 2000s up to 2012, total CO2 emitted to the atmosphere was estimated at 





Table 4.2.  Total CO2 emitted from drained peatlands 
 1990s-2000s 2000s-2012 
Land occupation growth (ha) 354,123.83 162,004.84 
Carbon loss (tC.y
-1
) 146,607.26 67,070.00 
CO2 emitted (tCO2.y
-1
) 538,048.66 246,146.92 
 
4.2.4 CO2 emission from forest converted for oil palm plantations 
In the 1990s and 2000s, total CO2 released to the atmosphere was estimated at 
~26 million tCO2.y−1, and forests were the source of 59.38% of the CO2 emissions in 
this period. After 2000s up to 2012, total CO2 released to the atmosphere was estimated 
at ~4.9 million tCO2.y-1 (Table 3), where 27.62% of the CO2 emissions were generated 
from converted forest. This data infers that in the Riau Province, the oil palm industry 
boomed in this period. 
Table 4.3.  Total CO2 emitted from forest conversion 
 1990s-2000s 2000s-2012 
Land occupation growth (ha) 355,236.32 67,877.77 
Carbon loss (tC.y
-1
) 7,014,726.46 1,357,555.40 
CO2 emitted (tCO2.y
-1
) 26,074,346.11 4,982,228.32 
 
4.3 Conclusions 
Results obtained in this study show that in the Riau Province, the palm oil 
industry boomed between the 1990s and 2000s period, with tropical forests and peat 
land as the primary land source for new plantations.  Tropical forest was the primary 
land source in the period 1990s-2000s, while expansion in deeper peatlands started after 
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2000s to 2012. Decreasing of CO2 emissions in the 2000s up to 2012 was possibly due 
to the enforcement of the new policy i.e. a moratorium on forest conversion, which 
meant that the granting of new permits/leases, forest use, forest use change, and other 
use areas was delayed (Minister of Forestry, 2011). 
This study documentes the basic expansion pattern of oil palm production, from 
the Western side of the province to the Eastern side (Fig. 3.5). The result suggests that 
the expansion of oil palm plantations occurred in peatlands in the period 1990s-2000s 
and generated above ground biomass loss (~40%). The carbon emission continued to 
increase during the period of 2000s-2012 (~70% generated from peatlands). This 
finding implies that the palm oil industry was the main perpetrator of tropical forest 
deforestation at provincial level in the early stages. Furthermore, the expansion using 
the peatlands was applied in the next stage of development. Development of oil palm 
plantation in mangrove forest was also noted, although the conversion area was only 
small.  
Approximately 5% of global and 50% of tropical peatlands are located in 
Indonesia (Wetland International, 2003; Wetland International, 2004). CO2 emissions 
from conversion of peatland are a unique challenge for Indonesia, as they account for 
58% of global emissions from peat decomposition (Hoojier et al, 2006). However, 
results suggested that in recent times, the moratorium on deforestation has played a 






Local Environmental Assessment; 
Changes in Local Surface 
Temperature due to Expansion of Oil 
Palm Plantation  
 
The objective of this chapter is to apply remote sensing technology using the 
newly proposed PPSG (Priciple Polar Spectral Greenness) index, which is sensitive to 
small changes in foliage cover at high levels of cover to investigate the correlation 
between land use/land cover changes and land surface temperature and vegetation index. 
Observed case in this study is the expansion of oil palm plantation on local surface 
temperature. This study assessed local surface temperature changes by spatial 
investigation, using satellite images obtained over two areas, Ukui I Village and Ukui II 
Village in Riau Province in Indonesia (Fig. 5.1). Surface temperature in this study refers 






Fig. 5.1. Study Area; 1. Ukui I Village; 2. Ukui II Village. Riau Province, 
Indonesia. Source: Background map is from Google Map; Provincial administration 
boundary is from Indonesian Geospatial Information Agency; Villages’ coordinates 
derived from field work. 
5.1 Study area 
Riau Province in Indonesia produces more fresh fruit bunches than any other 
province in Indonesia (Ramdani 2011). Its economy is largely a resource-based one that 
includes plantation of oil palm, rubber and other forest resources. Ramdani and Jupesta 
(2011) carried out a study to monitor land use changes and tropical rainforest 
conversion in Indonesia. Their study revealed that the deforestation rate increased 
substantially in the 1990s and 2000s and that oil palm plantation development 
experienced a boom in the period between 2002 and 2010. This rapid expansion of oil 
palm plantation development in Indonesia was mainly driven by Indonesia’s biofuel 
policy, the increasing price of palm oil in the global market, and other related land use 
policies (Ramdani and Hino, 2012). 
The local climate in the study area is a tropical climate influenced by monsoons, 
with rainfall amounts ranging from 2,200 mm to 3,000 mm per year. The range of 
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temperatures is 22 ºC–32 ºC. The wet season is from September to January, and the dry 
season is from May to August. February to April is a transitional season in the study 
area. 
This study presents information about two villages to describe the analysis of the 
data (Fig. 5.1) from 1988 and 2002. These two particular villages were chosen for this 
study because they were the destination of the transmigration program in 1988 and 
because the oil palm plantations were the main income sources for the transmigrants. 
During transmigration program the Central Government converted tropical rainforests 
on a large scale, the Central Government made 591,000 ha of forest available for 
conversion, 110,380 ha for plantation and 124,980 ha for transmigrant resettlements 
respectively. The expansion of oil palm plantations occurred in primary and secondary 
tropical forests, which have mineral soils in the early stages (Ramdani and Hino 2013). 
The land cover had completely differed during the 14-year assessment period. The 
geomorphology was relatively flat and the chosen Landsat spectral images had clear sky 
conditions, which made it possible to assess changes in land surface temperature and 
foliage cover. 
5.2 Data and Methods 
The oil palm plantation analysis conducted in this study was derived from two 
satellite images: Landsat 5 TM (1988) and Landsat 7 ETM+ (2002 and 2012), obtained 
from http://glovis.usgs.gov/. This study chose the year 1988 because this was the first 
year that oil palm plantations were the destinations of transmigrants and because the 
primary tropical forest could still be found in this year. The destination location of 
transmigration in the study area was Pelalawan Regency, Riau Province, Indonesia. The 
purpose of the transmigration programme was to overcoming over population in Java 
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island, as well as to increased the social-economy condition of transmigrant in the 
destination location (Whitten, 1987). The years 2002 and 2012 were chosen to evaluate 
the development of oil palm plantations in the study area after 14 years and 24 years, 
respectively. Furthermore, the cloud cover of the images for 2002 and 2012 were less 
than 5%.  
The Enhanced Thematic Mapper Plus (ETM+) has a spatial resolution of 30 m 
for blue, green, red, visible, near IR, and mid-IR and 60 m for thermal IR. The 
resolution of the Thematic Mapper (TM) is the same for the blue to mid-IR bands, but 
for thermal IR, its resolution is 120 m. Table 5.1 shown datasets used in the study 
Table 5.1 The satellite images used in this study. 
Satellite image Index Acquisition Band used Wavelengths 
Landsat 5 TM P126 / R60 July 31st, 1988 Blue, Green, Red, 
NIR, SWIR,  
0.45-2.35 
   Thermal IR 10.40-12.50 
Landsat 7 ETM+ P126 / R60 August 15th, 2002 Blue, Green, Red, 
NIR, SWIR,  
0.45-2.35 
   Thermal IR 10.40-12.50 
Landsat 7 ETM+ P126 / R60 August 10th, 2012 Blue, Green, Red, 
NIR, SWIR,  
0.45-2.35 
   Thermal IR 10.40-12.50 
 
 
The main software package used to analyse the data was IDRISI. This software 
has powerful image processing operation capabilities. With the image calculator module, 
I was able to apply map algebra and a logic modeller in this study. The flowchart of the 




Fig. 5.2. Flowchart of the data processing.  
Abbreviations: DNs - Digital Numbers; TOA - Top of Atmospheric; PPSG - 
Principle Polar Spectral Greenness 
 
5.2.1 Pre-processing 
Pre-processing, such as radiometric and atmospheric corrections, which are 
necessary for analysis of energy fluxes and land use/land cover parameters, was 
conducted. The Landsat 5 TM and 7 ETM+ level 1G images were geometry-corrected 
products. Note that the calibration parameters for Landsat images are time-dependent 


















Table 5.2 Landsat 5 TM and 7 ETM+ calibration parameters. 
Calibration factors 
 Landsat 5 TM July 31st, 1988 Landsat 7 ETM+ August 15th, 2002 
Band LMIN LMAX QCALMIN QCALMAX LMIN LMAX QCALMIN QCALMAX 
1 -1.52 169 1 255 -6.2 191.6 1 255 
2 -2.84 333 1 255 -6.4 196.5 1 255 
3 -1.17 264 1 255 -5 52.9 1 255 
4 -1.51 221 1 255 -5.1 241.1 1 255 
5 -0.37 30.2 1 255 -1 31.06 1 255 
6 1.24 15.30 1 255 0 17.04 1 255 
7 -0.15 16.5 1 255 -0.35 10.8 1 255 
 Sun elevation angle Sun azimuth Sun elevation angle Sun azimuth 
 50.3 60.65 50.15 60.01 
 
Calibration factors 
 Landsat 7 ETM+ August 10th, 2012  
Band LMIN LMAX QCALMIN QCALMAX     
1 -6.2 191.6 1 255     
2 -6.4 196.5 1 255     
3 -5 152.9 1 255     
4 -5.1 241.1 1 255     
5 -1 31.06 1 255     
6 0 17.04 1 255     
7 -0.35 10.8 1 255     
 Sun elevation angle Sun azimuth   
 57.04 60.64   
 
5.2.2 Process of image classification 
In general, there are three ways to produce maps of land use classification from 
satellite imagery: visual interpretation, classification based on pixel spectral values and 
classification based on the object. Of these three ways, visual interpretation is the most 
time-consuming, and its accuracy is very dependent on interpreter experience. In 
classification based on the spectral values of the pixels, the interpreter selects the pixel 
to serve as training pixels in the sample, and then the statistical probability of the class 
becomes the basis of a set of samples of known land use. In the object-based method, 
the image is segmented into a set of regions for which the data are homogeneous in 
terms of one or more spectral or spatial properties. After the segmentation, the land use 
is classified based on examples from a GIS database or topographic datasets (Thomas et 
al., 2003). In this study, I chose the spectral value method of classification to extract a 
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land use map from filtered principal polar spectral greenness (PPSG) images. This study 
employed an adaptive enhanced Lee filter (Lopes et al., 1990) to decrease the high 
spatial frequency of the PPSG image. I defined two classes for the land use map (Fig. 
5.4): primary and secondary tropical rainforest is represented in green (the mean PPSG 
value is 0.8), and the area converted for oil palm plantation (including cleared land, bare 
soil, road networks, new plantings, young trees, and mature oil palm trees) is 
represented in yellow (the mean PPSG value is 0.7). Majority postclassification filtering 
was then employed to reduce misinterpretation of land use classifications and produce a 
representation of land use more amenable to human perception (Stuckens et al., 2000). 
Majority filtering is a simple postclassification procedure whereby each pixel is recoded 
to the majority class of a neighbourhood defined by the use of 3x3 majority filter kernel. 
In interpreting the PPSG values provided in this paper, it should be noted that 
the PPSG index was designed to convert spectral reflectance into PPSG values between 
0.35 for zero foliage cover and 0.95 for maximum foliage cover (Moffiet et al., 2010). 
The index is reported to not saturate at high cover, which is the reason that it was 
chosen to distinguish between complete forest foliage cover and high levels of oil palm 
plantation foliage cover. The PPSG index belongs to a set of brightness (PPSB), 
greenness (PPSG) and wetness (PPSW) index. Although the brightness and wetness 
index (PPSB and PPSW) were not used in this study, when used in combination with 
PPSG, they have good potential for delineation of crops from tropical rainforest in 
satellite imagery. 
5.2.3 Convert digital numbers into Top-of-Atmosphere (TOA ) Reflectance 
 This step is required to calculating PPS (principal polar spectral) index. The 
Landsat TM and ETM+ sensors store information as digital numbers (DNs) in the range 
of 0 to 255. I used a two-step process to convert these DNs to ToA reflectance. The first 
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step was to convert the DNs into radiance values using the Lmin and Lmax spectral 
radiance scaling factors. The values are specific to the individual scene and available in 
the header file. The second step was to convert the radiance data into reflectance. I 
applied the equations from the Landsat 7 Science Data Users Handbook (NASA, 1998). 
In this step, every single scene of pixel values from bands 1–5 and band 7 is 
atmospherically corrected as reflectance. 
5.2.4 Convert digital numbers into degree Celsius 
 Converting DNs to degrees Celsius requires a two-step process. The first step is 
to convert the DNs into radiance values using Lmin and Lmax spectral radiance scaling 
factors. In this step every single scene of band 6’s pixel value is atmospherically 
corrected as radiance. The second step is to convert the radiance data to degrees Celsius 
(NASA, 1998). 
O'Donnell (2001) conducted a historical calibration of the thermal band of 
Landsat 5, cross-calibrated it to Landsat 7, and found that the behaviour of the Landsat 
TM 5 thermal band is stable, with a temperature bias of less than -1.5 K. The research 
by Jiménez-Muñoz and Sobrino (2003) showed that the root mean square deviation 
(rmsd) is less than 1.5 K for Landsat 7, which means that a user can retrieve the land 
surface temperature information within a reasonable range. Sobrino et al (2004) 
compared land surface temperatures derived from Landsat TM 5 images and in situ 
radiosounding data and found that the rmsd of land surface temperature was lower than 
1 K, which means that a user can retrieve land surface temperatures from Landsat TM 5 
with high precision. 
The formula for converting the atmospherically corrected data to absolute 
temperature is available in the Landsat 7 Science Data Users Handbook (NASA, 1998). 
Degrees Kelvin are converted into degrees Celsius using this formula: 
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Tc= T- 273.15    (Eq. 5.1) 
where: 
Tc = temperature in degrees Celsius 
T = temperature in degrees Kelvin 
 
5.2.5 Calculation of PPS Greenness index scores 
 The next stage is to calculate the PPS greenness index values using the principal 
reference index coefficients (Table 5.3) published by Moffiet et al (2010), who showed 
that the principal component analysis of a single reference image of a relatively small, 
local, essentially dry vegetated landscape could be used to derive spectral index that are 
applicable to other areas. The PPS index are also expected to exhibit good performance 
across globally diverse landscapes, such as the Indonesian landscapes considered in this 
study. PPSG was chosen as the index to be used in this study because, in unpublished 
work, it has been demonstrated that it performs better than other index because of its 
sensitivity to small changes in foliage cover at high levels of cover (Moffiet, 
unpublished). Additionally, it is known that the commonly used NDVI index rapidly 
loses sensitivity (saturates) at moderate to high levels of cover. 
Although I used two different sensors, based on Thome et al (2004), who have 
conducted regular vicarious calibration of the Landsat 7 ETM+ and Landsat 5 TM 
reflective bands over a large vegetated area, the result is there is no degradation of the 





Table 5.3 Principal Reference Index and their Coefficients. 
Index Band 1 Band 2 Band 3 Band 4 Band 5 Band 7 
PR1 0.1063 0.0068 -0.2589 0.2356 0.6435 0.6723 
PR2 0.1580 0.0587 -0.3792 0.2747 0.4769 -0.7245 
PR3 0.2609 0.0404 -0.5765 0.4676 -0.5985 0.1453 
PR4 0.2047 0.9629 0.0378 -0.1681 -0.0048 0.0360 
PR5 0.7327 -0.1192 0.5796 0.3354 0.0106 -0.0191 
PR6 0.5629 -0.2314 -0.3456 -0.7139 0.0101 0.0208 
 
The Landsat TM and ETM+ sensors store information as digital numbers (DNs). 
The DNs are then converted to radiance data, and then the radiance data are converted 
to ToA reflectance. Radiance data are also used to derive surface temperature value. 
Meanwhile the ToA reflectance is used for calculation of PPS greenness index scores 
using the principal reference index coefficients per the method proposed by Moffiet et 
al (2010).  
The first three principal reference index scores are shown below (Moffiet et al., 
2010): 
PR1=0.1063*ρ1 + 0.0068*ρ2 - 0.2589*ρ3 + 0.2356*ρ4 + 0.6435*ρ5 + 0.6723*ρ7 (Eq. 5.2) 
PR2=0.1580*ρ1 + 0.0587*ρ2 - 0.3792*ρ3 + 0.2747*ρ4 + 0.4769*ρ5 - 0.7245*ρ7 (Eq. 5.3) 






ρ1–5 & ρ7 = top-of-atmosphere (ToA) reflectance for the Landsat TM and 
ETM+ bands 1–5 & 7 
Only the first three principal reference index are needed to produce the first three 
















TanPPSG   (Eq.5.5) 
where: 
PPSG is the greenness index value 
PR1 and PR2 are the first two principal reference index 
Tan
-1
 (inverse Tan) is identical in meaning to Arctan  
SF1=SF2=-0.25 
IDRISI software has been equipped with the image calculator module to 
calculate the PPSG index scores for each pixel. 
The PPSG (Moffiet et al., 2010) was chosen as the greenness index to be used in 
this study because, in unpublished work, it has been demonstrated that it performs better 
than other index because of its sensitivity to small changes in foliage cover at high 
levels of cover (Moffiet, unpublished). Additionally, it is known that the commonly 
used NDVI index rapidly loses sensitivity (saturates) at moderate to high levels of cover. 
The range of PPSG index is between 0.7 – 1.0 for dense foliage cover, and to 
interpret the PPSG index in this study I used the classification as follow: 
-High density (PPSG-index greater than 0.70), 
-Mid density (PPSG-index greater than 0.3 but less than 0.69), and 
-Low density (PPSG-index greater than 0.1 but less than 0.29). 
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To analyse the data on a pixel-by-pixel basis (surface temperature changes 
across space) corresponded with vegetation index, I employ regression analysis from 
the entire images of the study area. Surface temperature images act as dependent 
variable, while vegetation index images act as independent variable. The analysis is 
being performed on the changes across the scene at the given fixed time-period (1988, 
2002, and 2012). 
 
5.2.6 Field work 
 I carried out extensive field work for measuring the surface temperatures 
associated with the different land uses and amounts of foliage cover from May 5 to May 
23, 2012. Field observations were conducted from 09.00 am to 12.00 pm (local time). 
The satellite data acquisition times are 03.11 am GMT for Landsat 7 and 02.53 GMT 
for Landsat 5, or 10.11 am and 09.53 am local time, respectively (the time difference 
between the local time and GMT is +7 hours). Surface temperature measurements were 
obtained using a highly accurate non-contact IR thermometer with a laser pointer. Data 
were collected several times for each type of land cover and recorded as average data 
measurements. Field observations were conducted using a 100-m-by-100-m grid 
reference. The grid references were previously defined in the laboratory using the 
Quantum GIS open-source software matched with remote sensing data. The direct 
measurements are more variable than the temperature derived from the Landsat images, 
which record data over a wide range of areas (the swath width is 185 km) at a regular 
time of acquisition day. The temperature values extracted from the same sample point 
locations, interpolated the values, and analysed the results of interpolation by overlaying 




5.3 Result and Discussion 
Our objective in this study was to gain a greater understanding of the direct 
impact that expansion of oil palm plantation has on the local surface temperature. 
During the 14-year period covered by this analysis, the first and second village lost 
31,626.54 hectare and 38,000 hectare of natural tropical forest, respectively, due to 
conversion into oil palm plantation.  
A comparison between satellite-derived surface temperature values and average 
field measurements is shown in Table 5.4. The temperature values were extracted from 
the same sample point locations, interpolated the values, and analysed the results of the 
interpolation by overlaying the satellite images with the surface temperatures. Table 5.4 
shows that the average Landsat-derived temperature value for 1988 was 24.7 ºC, for 
2002 it was 27.3 ºC, and for 2012 it was 31.8 ºC, which means that the average Landsat-
derived temperature value differed by 2.6 ºC from 1988 to 2002 and by 4.5 ºC from 
2002 to 2012. 
Table 5.4 Comparison between land surface temperature derived from remotely sensed 
imagery and field observation. Field observations were conducted on May to August 
2012, from 09.00 am to 12.00 pm (local time) The satellite data acquisition times are 
03.11 am GMT for Landsat 7 and 02.53 GMT for Landsat 5, or 10.11 am and 09.53 am 

























1 Primary forest -* -* -* 22 0.78 
2 Wetland/Secondary forest 27.3 27 24 22.3 0.77 
3 Mature oil palm trees (10-20 
years old) 
29.8 28 28 ** 0.73 
4 Unpaved road 30.8 30 27 26 0.61 
5 Young oil palm trees (3-9 years 
old) 
31.7 31 29.6 26 0.65 
6 Residential 33.2 33 28 26.3 0.60 
7 Oil station/oil well 39.2 42 27.3 24.3 0.56 
 Average temperature 32 31.8 27.3 24.7  
 
 *There is no primary forests left in the year 2002 and 2012 in the study area. 
**There is no mature oil palm trees in the year 1988 in the study area. 
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The extensive development along the national road network produced higher 
temperatures than conversion of tropical natural forests into areas of palm oil plantation.  
The surface temperature differences are due to differences in land cover during 
different parts of the analysis period. For example, mature oil palm trees that were 10–
20 years old in 2012 are located in areas that were transformed from primary tropical 
forest in 1988. Unpaved roads, residential areas, and oil palm trees that were young (3–
9 years old) in 2012 are located in areas that were transformed from secondary tropical 
forest in 1988. The surface temperatures of the wetland and secondary forest increased 
slightly when the surrounding environment was transformed into oil palm plantations, 
road networks, and residences for transmigrants. While oil wells have been present in 
the area since the late 1980s, their surrounding environment in 1988 was tropical forest. 
When the land cover changed to oil palm plantation, the surface temperatures around 
the oil wells increased because more of the surrounding bare land was exposed to direct 
sunlight. 
For illustration, four example red boxes (two boxes in Figs. 5.3a and 5.3b and 
another two boxes in Figs. 5.4a and 5.4b) are presents to illustrate the analysis. The 
areas represented by the red boxes were chosen because the landscapes were completely 
transformed. The foliage cover and surface temperature were also differed (the vertical 
red line to the right of B in Fig. 5.5). For example, in the red box in Fig. 5.4a, the land 
cover in 1988 was tropical forest, with an average PPSG value of 0.78 (high density). In 
2002, the red box shown in Fig. 5.4b is an area that was dramatically transformed into 
oil palm plantation, with an average PPSG value of 0.69 (mid density).  
To illustrate the results, a transect line (A–B) was created over the different land 
uses and land covers shown in the images (Figs. 5.3a and 5.3b). The values of the 
transect line inside the red box in Fig. 5.3a in 1988 are shown in Fig. 5.5 as a vertical 
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red line to the right of B), while the values of the transect line inside the red box in Fig. 
5.3b in 2002 are shown in Fig. 5.5 by a vertical red line to the right of B. 
In Fig. 5.4, lower PPSG values are shown in light yellow. In the high-conversion 
areas on the southwest and northeast sides of the image, this corresponds to a new oil 
palm estate, road networks and bare land for a new village for the transmigration 
program. The average value of PPSG for this area is 0.61 in 2002. Higher PPSG values, 
shown as dark green, are observed in the southeast, northwest, northeast, and southeast 
parts (forest) in the 1988 image. The average value of PPSG for this area is 0.78. The 
remarkable expansion of the oil palm plantation area in the 2002 image appears as light 
yellow, corresponding to lower PPSG values over the whole area. The average value of 
PPSG for this area is 0.69.  
 
Fig. 5.3. Study area and transect line across different land use land cover (false colour 
composite using bands 7, 4 and 2). (a) The Landsat 5 TM image year 1988 (with 
percentage stretch, 2% lower limits and 98% upper limits) after matching its histogram 
to that of the ETM+ reference image (figure 1b). (b) False colour composite using bands 
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Fig. 5.4. Land use land cover changes, the green color is represented for tropical forest 
(primary and secondary) and the yellow color represented for area converted for oil 
palm plantation (including cleared land, bare soil, road networks, new plantings, young 
trees and mature oil palm trees). (a) Year 1988. (b) Year 2002. The areas represented by 
the red boxes were chosen because the landscapes were completely transformed. The 
foliage cover and surface temperature were also differed. For example, in the red box in 
Fig. 4.4a, the land cover in 1988 was tropical forest. In 2002, the red box shown in Fig. 
4.4b is an area that was dramatically transformed into oil palm plantation. 
2 km
N
Area converted for oil palm cultivation
(including cleared land, bare soil, road networks,
new plantings, young trees, and mature oil palm trees)
Primary and secondary tropical rainforest





Fig. 5.5. Behaviour of PPSG and surface temperature. When the foliage cover 
increases, the surface temperature decreases. These pixels are also indicated by the wet 
pixels tropical rainforest (the vertical red line to the right of B in year 1988). When the 
foliage cover decreases, the surface temperature increases. These pixels are indicated by 





































































































































and 2012). The values of PPSG and surface temperature were extracted from transect 
line A-B as shown in Fig. 5.3 
 
As Fig. 5.5 shows, when the foliage cover increases, the surface temperature 
decreases. These pixels are also indicated by the wet pixels (the vertical red line to the 
right of B). When the land cover was tropical rainforest in 1988 (Fig. 5.3a), with an 
average PPSG value of 0.78, and the average surface temperature was 22.5 degrees 
Celsius. These pixels were tropical rainforest and wetland in 1988 and were transformed 
into areas containing mature oil palm trees by the year 2002 (the vertical red line to the 
right side of B).  
When the foliage cover decreases, the surface temperature increases. These 
pixels are indicated by the dry pixels (the vertical red line to the right of B). This 
phenomenon was observed for cleared land and bare soil in 1988, and bare soil and 
newly planted and young oil palm trees by 2002. The average PPSG values for the 
transect line inside the red box in Fig. 5.3b in was 0.69 in 2002, and the average surface 
temperature was 26.5 degree Celsius. 
The pixels with PPSG values below 0.29 are water bodies, PPSG values 0.30 – 
0.60 are bare soil and land cleared for oil palm plantation (in 1988 and 2002). PPSG 
values between 0.61 and 0.69 correspond to newly planted oil palm trees (in 1988), 
newly planted and young oil palm trees, and extensive development along the national 
road network (in 2002). The pixels with PPSG values between 0.7 and 0.8 and more 
than 0.8 correspond to tropical rainforest and wetland (in 1988) and mature oil palm 
trees (in 2002), respectively. 
However, there are slight differences in the foliage cover of tropical rainforest in 
1988 and mature oil palm trees in 2002 and 2012. The average PPSG value difference is 
only 0.09. The average surface temperature of mature oil palm tree areas appears to be 
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higher than the average surface temperature of tropical rainforest areas by 2 degrees 
Celsius. The leaf density cover of oil palm plantations are also not stable over different 
stages. When the oil palm trees become older, the leaf cover becomes more dense and 
soil exposed to direct sunlight is decreased, whereas in tropical rainforests leaf, density 
cover is stable over time. 
The result of pixel-by-pixel basis (surface temperature changes across space) 
corresponded with vegetation index, from regression analysis of the entire images of the 
study area are shown in Table 5.5. 
Table 5.5 Regression result: Correlation between the changes of foliage cover 
(independent variable) and surface temperature (dependent variable) from the entire 
images of the study area. The analysis is not being performed on changes across time, 
but is being done to analyze the changes across the scene at the given fixed time-period 
(1988, 2002, and 2012). The results show that there is negative-strong correlation 
between the changes of foliage cover and surface temperature. Table 4.6 shows that the 
R were between 0.80 – 0.87, indicating that the changes of foliage cover and surface 
temperatures were correlated. 
Regression parameters 1988 2002 2012 
Coeff. of det (R square) 0.76 0.72 0.65 
R  -0.87 -0.85 -0.80 
S.E. of estimate 0.78 0.70 0.70 
Sample size (n) 617433 617433 617433 
 
The results show that there is negative-strong correlation between the changes of 
foliage cover and surface temperature. Table 5.5 shows that R was between 0.80 – 0.87, 
indicating that the changes of foliage cover and surface temperatures were correlated. 
Changes of foliage cover in this study means intra-scene changes across space at the 
given fixed time-period of analysis (1988, 2002, and 2012) 
Between 1988 and 2002, mineral soils in the primary and secondary tropical 
rainforests were the primary land areas used for conversion into palm oil plantations in 
the study area. This finding is consistent with that of Gibbs et al (2010), who found that 
between 1980 and 2000, more than 55% of new agricultural land became available at 
the expense of intact forests across the tropics. 
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The new vegetation index, PPSG, was used as an indicator of foliage cover. Use 
of this index allowed us to assess the land-clearing stage for new oil palm estates. 
Changes in PPSG values were then compared with changes in surface temperature. 
Mature tropical forests have slightly higher foliage cover than mature oil palm 
plantations, and the PPSG analysis applied in this study has been shown to perform 
better than other vegetation index methods (Ramdani, 2012).  
The direct field measurements in 2012 indicated that surface temperatures in the 
study sites differed by an average of 4.7 °C. Satellite imagery for 2012 is available for 
comparison with the field measurement results and assessment of changes that have 
occurred since 2002. Temperature  differed by an average 4.5 °C, the outcome of 
satellite image processing is only 0.2 °C different from direct temperature measurement 
in the field. 
Oil palm plantations are not stable in foliage cover at different stages. When oil 
palm trees become older, the foliage cover becomes more dense, and the amount of soil 
exposed to direct sunlight is decreased, whereas in tropical rainforests, foliage cover is 
stable over time. Luskin and Potts (2001) found that oil palm plantations were 
substantially hotter (+2.84 ºC) and drier (a +0.80 hPa vapour pressure deficit) than 
forests during diurnal hours. Because the oil palm canopy is lower, more open and 
simpler than a closed-canopy rainforest, the temperature and humidity conditions are 
different than for a tropical forest (Foster et al., 2011). There are two elements to this 
difference: the conditions are more extreme (higher temperatures, lower humidities) and 
they also vary much more on a daily basis (Koh et al., 2009, Turner and Foster, 2006). 
When forests are replaced by pasture or crops, evapotranspiration of moisture 
from soil and vegetation is often diminished, leading to reduced atmospheric humidity 
and potentially suppressing precipitation (Bonan, 2008). Climate models predict that 
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large-scale tropical deforestation causes reduced regional precipitation (Ramos et al, 
2008; Hasler et al, 2009; Nobre et al, 2009) 
Unfortunately, there are no long-term meteorological data available for the study 
area to compare with the study results. However, this is the first study that has 
successfully documented land surface temperatures in Riau Province in Indonesia over 
oil palm plantation areas that replaced tropical rainforests on a large scale. 
The methodology used in this study is possible to apply in other crops 
plantations such as maize, soy, and wheat to monitor the changes of surface temperature. 
 
5.4 Concluding remarks 
This study demonstrated an association between local land surface temperatures 
and replacement of forest cover with oil palm plantation. Landsat satellite spectral 
images were used to assess changes in these variables, where vegetation cover was 
measured by the greenness index (PPSG). The negative relationship between the 
greenness index (PPSG) with surface temperature successfully documented. The 
associations found provide support for the hypothesis that the changes of land surface 
temperature is caused by the reduction in foliage cover when tropical rainforests are 
replaced by oil palm plantations. Satellite imagery for 2012 is available for comparison 
with the field measurement results and assessment of changes that have occurred. 
Surface temperature differed between 1988, 2002, and 2012. The outcome of satellite 
image processing is only 0.2 °C different from direct temperature measurement in the 
field. Oil palm foliage cover is lower, more open and simpler than tropical rainforest 
foliage cover, so clearing land for oil palm plantations and planting oil palm trees 
results in higher surface temperatures. However, the surface temperature conditions for 
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mature oil palm trees are slightly higher than those in the primary tropical rainforest 
areas. 
An additional outcome of the study was that the PPSG index was found to be 
useful for distinguishing the characteristics of foliage cover between oil palm plantation 
at every stage and the differences between tropical rainforest cover. The methodology 
applied in this study is not labour intensive and can be applied to other types of 






Oil Palm Plantation Sustainable 
Management Model: A Community-
Based Cooperative  
6.1 Location of the study area and physical characteristics 
The study area is situated in Ukui Sub-district, Pelalawan Regency, Riau 
Province, on Sumatra Island (Fig. 5.1). The Ukui Sub-district is located at the 
coordinates 00º07'S and 102º08'E in the southern part of the Pelalawan Regency. This 
sub-district is 75 km from Pangkalan Kerinci, the Regency Capital of Pelalawan, which 
is itself 200 km southeast of Pekanbaru, the capital of the province. Lintas Timur, the 
national highway that traverses Sumatra Island, runs through Riau Province. 
 






The topography of the Ukui sub-district consists mainly of hills (52%) 
punctuated by flat plains (48%). The average elevation is 7.3 meters above sea level. 
Before the development of the oil palm plantations, the area was covered by tropical 
rainforest. 
Climatic conditions in the study area are suitable for oil palm plantations. The 
Ukui sub-district has a wet, tropical climate influenced by the monsoon. Precipitation in 
this area ranges from 2200-3000 mm per year, and average temperature is 27 ºC, with a 
relative humidity that hovers around 80-88%. 
6.2 Transmigrant village 
The Ukui Sub-district consists of five villages established by transmigrants from 
Java Island in 1987. The survey village is one of these (indicated by red in the inset in 
Figure 1). This village, Bukit Jaya, is located in the central part of the sub-district. It 
was founded by government transmigrants who had received training on plantation-
management skills such as administration, fertilizing techniques, and tree treatment 
techniques from government agencies in home areas such as Central and East Java. A 
large number of these transmigrants were tenants in home areas. These workers cleared 
the tropical forest in cooperation with a palm oil plantation company located in the 
same area (a member of the Group of Asian Agri). Furthermore, the transmigrants 
worked as labourers at the plantation of this company until they could harvest their own 
plantations. An intimate, interdependent relationship between the oil palm plantations 
and the company continues to this day. The company purchases fresh fruit 
bunches from smallholders and provides technical assistance with the control of pests 
and disease. The survey village had a population of 1,722 individuals living in 521 
households in 2012 (Village Report, 2012). The area is 1,800 ha. 
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During the Suharto government, in order to reduce the overpopulation of Java 
Island, as well as increase the socio-economic level of the people, the government 
established the policy of transmigration. The policy worked as follows: the government 
selected the transmigration destination, established settlements, and chose a company to 
help transmigrants initially develop a livelihood. At that time, there were two types of 
transmigrants in the study area—PIR-Trans (discussed later) and private transmigrants.  
Private transmigrants bought their house plots and oil palm plantations from 
those who  left. Since making a living was very difficult during the first stage of the 
transmigration program, some transmigrants abandoned their plantations and went back 
to their home villages.  
Most of today’s villagers are transmigrants and their descendants. That is, they 
are ethnically Javanese, and the primary language spoken in the village is Javanese. 
There is very little Malay spoken (I discovered only two households of ethnic Malay 
families in this village). In addition, when smallholders’ sons marry, they generally 
move into their own houses, apart from their parents. Some of them build houses on the 
same plot as their parents, and others in places distant from their parents’ houses. The 
district where the houses of the second generation have clustered is around the 
residential area of village. 
6.3 Transmigration policy in Suharto era 
 Policies regarding farmers transmigrating for the purpose of plantation 
development go back to the year 1905, which was during the colonial occupation of the 
Netherlands. The policy was then continued during the period of Japanese occupation 
(1942-1945), as well as after Indonesia became independent. However, more recent 
transmigration policies are distinguished from previous policies both in size and in their 
relationship to national economic development. In the Suharto era, five-year economic 
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development plans were approved five times, and development projects were executed 
on the basis of these plans. Transmigration policy was at the centre of these plans 
throughout this period. As a result, the area under development grew extremely large. 
During the third of these five-year economic development plans (1979-1984) 591,000 
ha of forest was converted to plantation. And during the fourth plan (1984-1989) 
600,000 ha of forest was opened to plantation development. All information about the 
transmigration process was presented to potential smallholders on Java Island, before 
the transmigration started (Fig. 6.2). 
The PIR-Trans (which extended up until October, 1993) is the name given to the 
period when the government of Indonesia divided the palm plantation business into two 
parts, namely the inti (core) and the plasma parts of the business. The inti (core) part 
(green box in Fig. 6.2) was development undertaken by the company on a large scale; 
meanwhile, the plasma part consisted of palm plantation businesses developed by 
smallholders  through the transmigration program. The inti (core) has supported 
transmigrants from the beginning until the present day. New transmigrants work first as 
inti (core) employees before they are allowed to have their own plantations. Once the oil 
palm has produced fresh fruit bunches, transmigrants can stop working as employees 
and manage their own plantations, selling the fresh fruit bunches to the inti (core). The 
inti (core) also has a responsibility to support the management and maintenance of the 
smallholder’s plantation. This regulation was first published in 1986, and in 1990, 
efforts were made to ensure better coordination among government agencies to ease the 
permit process in an effort to replace forestland with oil palm plantations. Most PIR-
Trans schemes allocated only 2 hectares to each transmigrant family. 
On the other hand, multinational companies with large capital and huge 
plantations of oil palm appeared mostly during the period from 2000 to 2010. Such 
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companies do not have any memorandum of agreement (MoU) with smallholders 
(without plasma). The only form of transaction is that smallholders sell their fresh fruit 
bunches to these companies after harvest. However, although Asian Agri (AA) is a 
multinational company in the study area, it was established at the same time as the 
transmigration settlements, in 1987. Thus, at present, AA owns 100,000 ha of oil palm 
plantation and has cooperative agreements with 29,000 smallholders. 
 
Fig. 6.2. Scheme of transmigration process and type of company. 
 
6.4 Land utilization and ownership 
Most of the land in the study area is used for oil palm plantations, and only a 
very small area of land is protected or set aside as conservation forest (Fig. 6.3). In the 
1980s, the land on which the village sits was primarily tropical rain forest, and there are 
no historical records indicating the presence of the Dutch oil palm company in the area. 
The transmigration program began in 1987; at that time, most of the migrants came 
from Java Island, especially from Central and East Java Provinces. Land clearing on a 
large scale began in 1987, and the first planting of oil palm trees was implemented in 




1988. At first, the government provided the migrants with two hectares of oil palm 
plantation and 0.5 hectares for a house plot.  
 
Fig. 6.3. Land utilization in Ukui sub-district, Pelalawan Regency, Riau 
Province. Source: Village Report, 2012 
 
 
The layout of the village, as is typical of transmigration villages in Indonesia, is 
based on a grid or block (Fig. 6.4). Houses are well spread out and situated “face-to-
face” along the residential road. Public areas are concentrated in the centre of the village, 
and government facilities are located along the main road. The Bukit Jaya village is 
located in the centre of other settlements; therefore the seasonal market (held every 
Thursday) is located in this village. 
11,565 ha
28,317 ha








Fig. 6.4. The layout of the study village 
 
In addition, the supply of electricity to households in the village is limited to the 
hours between 5 pm and 7 am, so that from 8 am to 4 pm, there is no electricity. 
Electricity in the village is managed independently by the community.  
 
6.5 Data and Method 
In this study I obtained data from interviews and fieldwork. Fieldwork was 
conducted in two sessions, from May-June 2012 and April-May 2013. In the first survey, 
I collected fundamental statistics about the village from village administrators, and 
executed a questionnaire survey on the characteristics of the average smallholder. Items 
on the survey questionnaire included: composition of family, location of oil palm 
plantation, family origins, job of householder, participation in cooperative group, 
cooperation with the company, income level and source. I obtained replies from 42 
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householders. At the same time, I interviewed senior villagers and village officers about 
the village’s history.  
For the second survey, I confirmed the information gathered from the first, 
mainly through interviews, and asked again about the production system of 
smallholders, especially in terms of management of the cooperative group. The 
following analysis and discussion is based on the results of the two surveys.     
In addition, I explored smallholders’ opinions using the KJ method to help me 
understand their thoughts about the future of their plantation management. The KJ 
method was developed by Kawakita Jiro. He published an application book on the 
method in 1970 (Kawakita, 1970), and a comprehensive book about it in 1986 
(Kawakita, 1986). Following the KJ method, I gathered seven smallholders in a room, 
asked them to reply to the questions, to discuss and coordinate their replies, and then to 
share their common answers, opinions, and beliefs. 
An extended version of the KJ method was developed in this study. In this 
approach, the information from smallholders was input into a simple scheme (Fig. 6.5). 
In the figure, the left-vertical side is the list of stakeholders, while the right-horizontal 
side is the system/role played by every stakeholder. Through the stakeholder roles as 
informed by the smallholders, simple unit operations are identified. Simple unit 
operations can then be combined, and an interrelation chart of all stakeholders can be 
created. To verify the results, I consulted the chart and had deep discussions with 
smallholders. 
Through this approach, I tried to understand smallholders’ thoughts on the key 
factors involved in the sustainable management of oil palm plantations, and on the 
difficulties they might face in the near future in terms of plantation management 




Fig. 6.5. Extended version of the KJ Method developed in this study 
 
6.6 Demographic and socio-economic characteristics of the village 
6.6.1 Demographic composition 
The total population of this village as of 2012 was 1,722, with 521 households. 
Figure 6 shows the age composition of the village population. 
According to the results of the surveys, the village population may be largely 
classified into three groups: the first generation who moved to the village from Java 
island at the age of about 20-30 years old and are currently about 40-70 years old; the 
second generation who are descendants of the first and are now approximately 16-39 
years old; the third generation, children of the second generation, who are largely 15 
years old or less.  
The variety in age of the first generation indicates that the original transmigrant 
group included both comparatively older persons with their families, and young single 
persons. In addition, other, relatively young private transmigrants joined the 
development of the plantation in this village at a later time. This added to the diversity 
Stakeholders/user
System/role




of the age composition of the first generation.  At present, the second group constitutes 
the majority of population (Fig. 6.6). This suggests that a large part of the first 
generation has passed their property on to their successors. However, a significant 
number of second generation sons and daughters left the village after graduating 
from institutions of higher education. For example, household No. 43 in Table 1 had 
five children. At present, all but one of them have moved to other regions after 
graduating from university; only one daughter remains with the first-generation father. 
Likewise, in the case of household No. 44, an elder daughter moved out in order to get a 
job after graduating from university. In other words, there are very few white-collar jobs 
for the more highly educated children around the village. 
 
Fig. 6.6. Population pyramid of Bukit Jaya village 





 In addition, most households consist of core family members. In this village, if 
individuals in the second generation marry, they generally move out of their parents’ 
house. Even if they live on the same plot as their parents, they build their own houses 
and become an independent household. The district where most of the second 
generation’s houses are clustered can be seen at the west edge of the village. Extended 
families were limited to households No. 18, 22 and 25 among respondents (Table 5.1). 
All households excluding the above were composed of core family members. 
 
6.6.2 Job composition of householders 
Sixty-one percent of households are smallholders in oil palm (Fig. 6.7). About 
20% of working villagers are labourers in plantation. The plantation company located in 
this village employs a lot of temporary labour to maintain and harvest the plantation. 
Seven percent of householders engage mainly in raising domestic animals such as 
chickens, cows and fish. They do this kind of animal husbandry on their oil palm 
plantations, or in the back or side yards of the house plot (Fig. 6.8). Household No. 42 
recently began a new business producing fish food from the compound of kitchen waste 
and artificial minerals (Table 6.1). It is suitable for optimum growth of fish. Although it 




Fig. 6.7. Types of jobs in the village 
Source: Village Report, 2012 
 
 
Fig. 6.8. Animal husbandry in the village. Clockwise from upper left: hen house; 
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Six percent of householders engage in small service and trading businesses, 
working for example as barbers and retailers of miscellaneous goods. Four percent are 
small manufacturers, for example, constructing the exterior and interior of houses. The 
smallest proportion of jobs include those such as palm oil company employees, 
government officers and other private companies’ employees; these consititute only 1% 
of the total population (Fig. 6.7). 
In addition, some smallholders have side businesses. They will work as contract 
labourers, harvesting fresh fruit bunches for other smallholders and company 
plantations (Table 6.1). 
In smallholder’s households, the male is usually dominant as the active-
productive worker. It is he who manages the oil palm plantation. Most of these men are 
in the productive ages of between 40-60 years old. The number of members in each 
household is higher than in the Provincial capital; it is not uncommon in this village for 
one household to consist of five or six members. 
Each household owns two to four hectares of oil palm plantation, on average. 
Two hectares of oil palm plantation can support 250 oil palm trees, so four hectares 
average about 500 oil palm trees. Most of the smallholders came originally from Java 
Island, and were employed as oil palm labourers. Each householder is a member of the 
farmers’ group, and has a cooperative agreement with the oil palm company located 
nearby. 
Some of the smallholders in the village have oil palm plantations outside the 
study area; some also have other sources of income (i.e. animal husbandry); a small 
percentage do not have oil palm plantations but perform service or trade work as their 
source of income (this latter characteristic usually applies to second-generation 
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transmigrants). A small portion of this second generation is composed of traders who 
bought oil palm plantations fairly recently (2009-2010).  







































1 First  ▲▲
□ 
■    ◙ ●  2 8 √  
2 First   ■  ○ ◙ ◙ ●  2 4 √  
3 Second  ■    ◙   2 - √  
4 First  ▲  ■  ◙ ◙ ●  5 - √  
5 First   ■   ○ ○ ●  4 - √  
6 First □ □  ■   ○ ●  4 - √  
7 First  ▲ ■   ◙ ●  2 2 √  
8 First  ▲ ▲  ■  ○ ●  4 - √  
9 Second  ■   ○ ●   - 2 √  
10 Second □ ■    ●   - - √  
11 Second □ ■    ●   - - √  
12 First □ □ ■    ●   4 - √  
13 First  ▲ ■  ○ ○  ●  2 - √  
14 First   ▲ ▲ ■    ● 2 - √  
15 First  □ ■   ◙ ○ ●  2 - √  
16 First □ ▲ ■   ◙ ●  4 - √  
17 First  ▲ ■   ◙ ◙ ●  2 - √  
18 First   ▲ ▲ ■  ◙  ● 2 - √  
19 First   ■   ◙ ●  2 1 √  
20 First □ □ □  ■    ●  2 - √  
21 First   ■   ◙ ●  2 - √  
22 First □  ■  ○  ●  2 - √  
23 First □ ▲ ■  ○  ●  2 - √  
24 First  ▲ ■  ○  ●  2 - √  
25 First □ ▲ ■   ◙ ●  2 - √  
26 First  ▲  ■  ◙ ◙ ◙ ●  3 2 √  
27 First  ▲  ■   ◙ ●  2 - √  
28 First  ▲ ■    ●  2 - √  
29 First  ▲ ▲ ■   ○ ●  2 - √  
30 First  ▲ ■  ○  ●  2 - √  
31 First  ▲ ■    ●  2 - √  
32 First □  ■   ◙ ●  2 - √  
33 First  ▲ ■  ○  ●  2 - √  
34 Second □ □ ■    ●   2 - √  
35 Second  ■   ○ ●   2 - √  
36 First   ■  ○ ○ ◙ ◙ ●  4 4 √  
37 First □  ■  ○ ○  ●  2 - √  
38 First □ □  ■   ◙ ●  2 - √  
39 First □  ■  ○  ●  2 - √  
40 First □ □  ■    ●  2 - √  
41 First  ▲  ■   ●  2 - √  
42 First   ■   ◙ ◙ ●  2 - √  
43 First    ■  ◙ ●  2 - √  
44 First   ■  ○ ○ 
○ 













Income level  























√  √  High ⌂ - - √  
√  √  High ∆ - - √  
√  √  High ʘ - - √  
√  √  High - - - √  
√  √  High - - - √  
√  √  High - - - √  
√  √  Mid - - - √  
√  √  High - - - √  
√  √  Low ʘ √ - √  
-  -  Low - - √  √ 
-  -  Low - √ -  √ 
√  √  High - - - √  
√  √  High ∆ - - √  
√  √  Mid - - - √  
√  √  Mid ʘ - - √  
√  √  High - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid ʘ - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - √ - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid ʘ - - √  
√  √  High - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - √ √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  High - √ - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - - √  
√  √  Mid - - √ √  
√  √  Mid - - - √  
√  √  High ⌂ - - √  
√  √  Mid - - - √  
√  √  High - - - √  
Source: Fieldwork. 
Symbol information: ■: Householder, productive, ●: Housewife, □: Son, student, ▲: 
Son, productive, ○: Daughter, student, ◙: Daughter, productive 





This study collected income information on the questionnaire survey. Forty-four 
smallholders were involved in the field survey. Respondents were classified into one of 
three income categories: low (≤ 2 million rupiahs), middle (2 – 5 million rupiahs), and 
high (≥ 5 million rupiahs). Following this classification system, 32 smallholders (76%) 
belonged in the middle class (Table 1). This indicates that disparity in income among 
smallholders is relatively small.  
 Three householders, however, belonged to the low-income category. They are 
all second- generation individuals (Table 5.2), and two of them do not have their own 
palm oil plantation. Although they engage in other jobs, such as trade, their earnings are 
smaller than those of the smallholders. It shows that the income from palm oil 
plantations is relatively high compared to other jobs in this village.  
Table 6.2. Income classification
1
 
Age group Income level 
Low Mid High 
20-39 3 4 1 
40-59 - 25 5 
60-79 - 3 2 
1
10,000 rupiahs = 1US$ 
 
On the other hand, eight smallholders were classified into the high economic 
class. They all had oil palm plantations larger than 2ha. Among them there were 
smallholders with oil palm plantations outside the village. For example, households Nos. 
1, 2, 36 and 44 all have more than 4 ha of plantations outside the village. In general, it 
can be said that smallholders’ income increases in proportion to the size of their oil 
palm plantations. In addition, although the palm oil plantation of No. 13 is only 2ha, this 




6.7 Cooperative organization of oil palm production 
6.7.1 Cooperative organization of smallholders 
Each smallholder in this village is a member of a farmers’ group. One farmers’ 
group consists of 20-30 smallholders, and every smallholder in the group has a land area 
of 2 ha of oil palm plantation, on average. In the study area, there are 18 such farmers’ 
groups, which have been integrated into the Village Unit Cooperative (KUD-Koperasi 
Unit Desa in the Indonesian language) (Fig. 6.9). All smallholders, especially those 
from the first generation, are actively involved in the group, and have a high sense of 
belonging and high commitment to the village unit cooperative.  
 
Fig. 6.9. Structure of smallholders’ organisation in the study area 
 
Each farmers’ group involves a small organization consisting of a chairman, 
secretary and treasurer. Regular meetings for each group are usually held every week to 
ten days.  
For example, the active male in household No. 43 (Table 6.1) is the secretary of 
a farmers’ group that has 20 members. He is 65 years old, and one of the first 
transmigrants. He came from East Java with his family in 1986. His relatives followed 
him to this village. They joined the group. The male No. 22 smallholder in the table is 
his nephew. In addition, he also works in the village office as a chairman of the 










Based on Government Regulation No. 72 on Villages (Minister of Home Affairs, 
2005), the village government function is accomplished by cooperation with the Village 
Government Officer (Pemerintah Desa) and the Agency Village Consultative (BPD-
Badan Permusywaratan Desa) in order to regulate and manage the interests of the local 
community. The village administration office has only a few staff members. Only five 
full-time staff work in the village office, including the village chief. Villagers elect a 
chief in a general election every five years. 
Management of roads, bridges, and other infrastructure related to the oil palm 
business are managed by WKAK (Wadah Kerja Antar Kelompok – Inter-Farmers’ 
Working Group). This group is coordinated with the village unit cooperatives; each 
KUD has only one WKAK. 
Every farmers’ group has its own leader, secretary, and treasurer. These 
positions are filled by election from members within the group. While the leader, 
secretary, and treasurer of the KUD are selected by election every year in a member 
meeting, the tenures of those in the farmers’ groups are more long-term. The 
organization of KUD is shown in Fig. 6.10. 
 

















The members’ meeting, which constitutes the highest authority, is held every 
year to evaluate the performance of KUD, and also to elect a new KUD leader. The 
elected leader then chooses his team, for example, the clerk, the leader of the FFB unit, 
etc. The chairman of the village plays the role of advisor to the KUD, and the controller 
bureau plays an important role in maintaining performance during a one-year period. 
 
6.7.2 Cooperation model 
The yield of fresh fruit bunches varies each month. Harvesting is carried out 
every 10 days by the smallholders themselves or by labourers paid 100,000 rupiahs for 
each harvest. After every harvest, fresh fruit bunches are collected at weighing points, 
and the next day the bunches are sent to a processing plant owned by the company. 
When delivering the fresh fruit bunches, every smallholder is supposed to make a report 
for KUD through their farmers' group.  
The company then pays the smallholders through the KUD (cooperative unit 
village), which is also partnered with banks. The smallholders can thus withdraw money 
from the farmers’ group. Every week the company sends information about the price of 
fresh fruit bunches to the smallholders through KUD. All of these activities are 
transparent, and every stakeholder knows the information (Fig. 6.11). 
Figure 6.12 shows the sheet for recording shipments that smallholders present to 
KUD.  Information such as truck number, driver`s name, departure time, the age of the 




Fig. 6.11. Cooperation model applied in the village 
 
6.7.2.1 Cooperation with company 
In the early periods of the oil palm plantations, smallholders received training on 
plantation management, including administration, fertilizing techniques and tree 
treatment techniques. After a couple years, however, smallholders were expected to 
work independently. The company now only purchases fresh fruit bunches from the 
smallholders, and provides technical assistance in the effort to control pests and 



































A. Selling fresh fruit bunches 
One company that buys fresh fruit bunches from the smallholders is PT. Inti 
Indo Sawit (Groups of Asian Agri), which already has an RSPO certificate.  
 
Fig. 6.12. Proof of delivery sheets for fresh fruit bunches 
 
When delivering fresh fruit bunches to the company, smallholders are required 
to fill out the proof of delivery form (Fig. 6.12). The form consists of two sheets; 
smallholders submit the first to the company and keep the second. The important 
information recorded on the form includes: 
1. Truck number 
2. Driver’s name 
3. Departure time from collecting point 
4. Age of the oil palm trees  
5. The amount of fresh fruit bunches (kg) 
6. The amount of fruit detached from the bunches (kg) 
7. Date of harvesting 
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There is a sorting process inside the company processing plant. Only completely 
ripe and good quality fresh fruit bunches are purchased. Fresh fruit bunches that do not 
pass the sorting processes are sold to middlemen outside of the company. Money from 
the sale of fresh fruit bunches is paid at the end of each month to the KUD. 
Each group has a notebook for recording sales of fresh fruit bunches (Fig. 6.13). 
This hand-written notebook is very important, especially in noting income and 
expenditures relating to oil palm plantation management. The notebook also contains 
notes about the role of each member of the group; the greater the role and contributions 
made to the group, the greater the income of the group. 
 
Fig. 6.13. Smallholder’s notebook 
 
B. Control pest and disease 
Control of oil palm plantation pests and environmental monitoring are carried 
out by the company, because the smallholders do not have the necessary knowledge and 
qualified capacity to do this themselves. Control of pests and disease is usually done 
once a year. The company collects leaves, soil, and water samples, and analyses them. 
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The result is delivered to the smallholders soon after the laboratory analysis is finished. 
The company instructs the smallholders about what to do and about the decisions they 
will need to make for their oil palm plantation if it finds pest or disease problems. 
 
C. Replanting and rejuvenation program  
An issue that is currently evolving and becoming an important concern for every 
smallholder is the replanting and rejuvenation program. Replanting and rejuvenation are 
expected to take about 3 years, beginning in 2012. As long as palm trees produce more 
than 2 tons of fresh fruit, however, the trees will not be cut down for replanting and 
rejuvenation. Smallholders will wait until production goes down under 2 tons. 
 However, financial preparations must be made for the replanting and 
rejuvenation plan. The financial plan will be the loan agreement (Akad Kredit in 
Indonesian language), which is prepared during the process of replanting. The company 
provides financial assistance, and in return, smallholders provide 30% of their fresh 
fruit bunches to the company for a period of five years. 
 
6.7.2.2 Cooperation with KUD 
The name of the Village Unit Cooperative in the study area is KUD Bina Usaha 
Baru (New Business Development). It was established in 1989 (Fig. 6.14). To become a 
member of the cooperative, each smallholder must deposit 50,000 rupiahs (Indonesia's 
currency) as a kind of compulsory savings (this is a one-time payment); they must also 
pay 10,000 rupiahs for basic savings services every month. The advantages of being a 
member of the KUD include:  
1. The ability to meet daily shopping needs without direct transactions; a tab is 
kept and paid at the end of the month.  
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2. The ability to easily apply for credit for business-development funds related to 
oil palm, because the cooperative assists with these.  
3. At the end of the year, members receive profit-sharing savings and loans.  
4. Members of the cooperative can obtain fertilizer at affordable prices, and the 
cost of purchasing fertilizer can be deducted from the savings in the 
smallholders’ accounts each month. 
 
Fig. 6.14. KUD building in the village 
 
A. Transportation of fresh fruit bunches 
One day after the fresh fruit bunches are harvested, dropped off, and weighed at 
the collection point, they are transported by truck to the processing plant (Fig. 6.15). 
The trucks used are privately owned, but expenditures involved in transportation, such 
as gasoline and engine oil, are deducted from smallholders’ savings accounts at the 
KUD every month. The cost of transportation services is dependent on the distance to 




Fig. 6.15. Trucks are the main mode of transportation for fresh fruit bunches 
 
B. Fertilizer 
Smallholders have cooperative agreements with their KUD to procure fertilizer 
for oil palm trees (Fig. 6.16). KUD in turn cooperates with the company to get a lower 
price. There are three possible cost variations for cooperation in the procurement of 
fertilizer: (1) 550,000 rupiahs per month; (2) 650,000 rupiahs per month; (3) 800,000 
rupiahs per month. The type chosen depends on the needs and financial capacity of 
smallholders, and it is usually discussed in the musyawarah mufakat (consensus 
agreement) 
 
Fig. 6.16. Fertilizer stock in the KUD 
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C. Infrastructure maintenance 
As mentioned in previously, management of roads, bridges, and other 
infrastructure related to oil palm is managed by the WKAK (Wadah Kerja Antar 
Kelompok – the Inter-Farmers’ Working Group). This group works in coordination with 
the village unit cooperatives, and each KUD has only one WKAK. In the study area, the 
WKAK consisted of 18 farmer groups directly under KUD coordination. There is no 
charge for this type of cooperation, all smallholders work together for the good of the 
oil palm plantations in their villages. If there is a need for expenditure on infrastructure 
maintenance, it will be shared among them. The national and provincial roads, however, 
are the responsibility of the provincial and central governments, and are usually 
maintained by the provincial public works department. 
 
6.8 Community cultural values 
6.8.1 Gotong royong (mutual cooperation) 
Rural economic development cannot be separated from the social values 
embodied in the community. Social capital has become important in sustainable 
development at the local level. In Indonesia, there are two important phrases concerning 
social capital—gotong royong (mutual cooperation) and musyawarah mufakat 
(consensus agreement) 
Hahn (1999) wrote:  
“Javanese culture is stratified by social class and by level of adherence to 
Islam....Traditional Javanese culture does not emphasize material wealth....There is 
respect for those who contribute to the general village welfare over personal gain. And 
the spirit of gotong royong, or volunteerism, is promoted as a cultural value.” 
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Ninety-eight percent of the population in the study area are both Muslim and 
ethnic Javanese. The village also has some unique customs around the notion of mutual 
cooperation. For example, when a son in a village household marries, every 
neighbourhood family comes to deliver food and other groceries; anyone unable to 
deliver groceries can contribute in some other way or offer their services for the event. 
When I conducted field survey, I found groups in the community who were working 
together to repair roads and improve drainage, because in the rainy season the drainage 
system had frequently caused flooding. I also found other groups in the community 
working together to build a new small mosque for Muslim prayer. 
To better manage their oil palm plantations, villagers are working together to 
maintain roads and bridges, canals, drainage and small rivers around the plantations. 
Such activity is facilitated by WKAK, and in this mutual cooperation, involves no 
charge for individuals. Everything is done willingly together for the sake of community. 
 
6.8.2 Musyawarah mufakat (consensus agreement) 
Musyawarah mufakat (consensus agreement) is a traditional decision-making 
process in Indonesia, and has been applied in village meetings. 
To make decisions regarding the management of oil palm plantations, villages 
hold regular weekly meetings. The attendance level at these meetings is more than 75% 
(from questionnaire survey) for each group of farmers. Farmers conduct musyawarah in 
these meetings to reach consensus in all matters relating to the management of the oil 
palm plantations, such as the purchase of fertilizer, and whether to buy the fertilizer 
from KUD or another place. If there is a member who wishes to sell his oil palm 




6.9 Smallholders` consciousness concerning the sustainability of oil palm 
plantations 
To gain an understanding of the sustainability scheme model, I posed the 
following question to the smallholders: 
“Since 1988, the oil palm plantation has been very beneficial to smallholders; 
what is the key to the success of this sustainable development? (from the beginning to 
the present day)?” 
 
Fig. 6.17. Extension of the KJ method: Writing down the facts (A, B); 
Organizing facts into group/categories (C); Discussion of the meaning of facts and their 
relationships (D) 
 
Using the extended version of the KJ Method (Fig. 6.17), this study documented 
the keys (past and present) to sustainability in the study area.  
Managing the oil palm plantation as a main resource and livelihood requires 
cooperation between all stakeholders, and the social capital of smallholders plays an 





groups produces well- organized smallholders. Large areas of oil palm plantation must 
be managed together to reap the benefits of lower costs and optimum results. 
Knowledge about management and maintenance is received from the company. Long-
term sustainability depends on all stakeholders, as well as on government policies that 
protect and maintain the oil palm plantations as primary resources. The Bank also 
provides financial support to smallholders; if smallholders want to expand their 
plantation or establish new businesses to earn more income, they can submit an 
application to the Bank through the farmers’ group and village administration. 
Smallholders shared thoughts concerning how to continue this cooperation 
model into the future and keep the oil palm plantations going in a sustainable way. They 
want to continue to cooperate as shown in Fig. 6.18 below. 
 









6.10 Concluding remarks 
This study has documented that social capital within smallholder groups plays an 
important role in the management of oil palm plantations. Mutual aid and consensus 
depended on this social capital. Therefore, it can be said that smallholders collaborate 
for long-term resource management using social capital, and that social bonds and 
norms among smallholders are the most important conditions for constructive and 
sustainable production. In addition, community-based cooperative production 
organizations such as KUD are necessary for sustainable development. Smallholders 
can share knowledge and information about sustainable development from outside of 
the village via the organization. Furthermore, KUD plays the role of negotiator between 
smallholders and the company.  As a result, smallholders maintain their bargaining 
power. As for the management of the cooperative organization, democratic methods are 
employed. In the case of the KUD, the leaders of both the KUD and the farmers’ groups 
are elected by the members. Officials in these positions in the cooperative organizations 
are supposed to obtain the members’ agreement when making decisions.  
Besides the cooperative production organization, the administrative body of the 
community plays an important role in supporting the livelihood of smallholders. Its 
performance is also an important factor for sustainable development. In the study 
village, the village office had a good relationship with KUD through daily contact. In 
addition, the cooperative production organization had established mutual trust with the 
company in the study area. The company supported smallholders technically and 
economically in order to develop and maintain the oil palm plantations. As a result, 
smallholders do not harbour negative feelings towards the company. This suggests that 
the company works as a business partner with smallholders to stabilize production. 
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Finally, government policies that support smallholders’ plantation management are 
necessary for long-term sustainability. 
 
 







In this thesis, I conducted an integrated assessment of the sustainable 
development of oil palm plantations in Indonesia. The method involved a number of 
multi-scale assessments: (1) National scale—examination of states and strategies; (2) 
provincial scale—analysis of land use changes, GHG emission, land source and 
expansion patterns; (3) local scale—(i) microclimate assessment, and (ii) managerial 
assessment, including community-based cooperative sustainable management and 
stakeholder analysis.  
In Chapter 3, national policies and strategies were assessed to identify the 
sequence of policy and strategic changes over time related to development of oil palm 
plantation. Results indicated that nationalization and first development of this industry 
after independence were shaped by an Indonesian economy based on forestry and 
plantation resources. The government enacted further policies to encourage local 
economies and control population growth in Java through a transmigration program. 
However, changes from centralized to decentralized policies during the period 2002-
2010 ironically increased deforestation and environmental degradation. The greater 
power of local leaders led to uncontrolled leasing to 1,243 multinational companies 
instead of to the protection of tropical forest. Local leaders such as governors, regents, 
and mayors issued approvals to multinational companies for large-scale development of 
palm oil plantation without consideration of environmental consequences. Recently, due 
to pressure from outsiders and the strict requirements of European buyer/importers, the 
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government has begun to implement a system of sustainable management, leading to the 
production of a product known as Indonesian sustainable palm oil.  To meet the world 
demand and increase the competitiveness of Indonesian palm oil, as well as to shape a 
sustainable pattern of development, the government is now promoting the National 
Biofuel Strategy.   
 Impacts of oil palm plantation expansion at the provincial level were examined 
in Chapter 4. This study showed that in the top producing Riau Province, the palm oil 
industry boomed between the 1990s and 2000s, when tropical forests and peatland were 
targeted as the primary land source for new plantation development. Tropical forest was 
the primary land source from the 1990s-2000s, while expansion into deeper peatlands 
started after 2000 and continued through 2012. On the other hand, despite the increase 
in production of oil palm, CO2 emissions decreased from 2000 to 2012 in Indonesia. 
This was possibly due to the enforcement of the new policy—i.e., a moratorium on 
forest conversion aimed at delaying the granting of new permits/leases for converting 
forest to other land uses. However, the study documented the basic expansion pattern of 
oil palm production, from the Western side of the province to the Eastern side. My 
investigation suggested that the expansion of oil palm plantations did occur in peatlands 
in the period 1990s–2000s and generated aboveground biomass loss (~40%). This 
carbon emission continued to increase during the period 2000–2012 (~70% generated 
from peatlands). This finding implies that the palm oil industry was the main driving 
force of deforestation of tropical forest at the provincial level in the early stages. 
Furthermore, the expansion using the peatlands was applied in the next stage of 
development. Development of oil palm plantation in mangrove forest was also noted, 
although the conversion area was small. 
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In Chapter 5, the effects of large-scale replacement of tropical forest by oil palm 
plantation were assessed. This study demonstrated an association between local land 
surface temperatures and replacement of forest cover with oil palm plantation. Landsat 
satellite spectral images were used to assess changes in these variables, where 
vegetation cover was measured by the greenness index (Principal Polar Spectral 
Greenness-PPSG). The negative relationship between PPSG and surface temperature 
was successfully documented. The associations provided support for the hypothesis that 
the changes of land surface temperature were caused by the reduction in foliage cover 
when oil palm plantations replaced tropical rainforests. Surface temperatures differed 
between 1988, 2002, and 2012. The outcome of satellite image processing was only 
0.2 °C different from direct temperature measurement in the field. Oil palm foliage 
cover is lower, more open, and simpler than tropical rainforest foliage cover, so clearing 
land for oil palm plantations and planting oil palm trees results in higher surface 
temperatures. However, the surface temperature conditions for mature oil palm trees are 
slightly higher than those in the primary tropical rainforest areas.  
Also in Chapter 5, I introduced a new index, namely the PPSG. The PPSG index 
was found to be useful for distinguishing the characteristics of foliage cover between oil 
palm plantation at every stage and tropical rainforest cover. The methodology applied in 
this study can be effectively applied to other types of agricultural commodities on a 
large scale with relatively high accuracy. 
In Chapter 6, sustainable management implemented in a transmigration village 
was investigated and assessed. This study documented that social capital within 
smallholder groups played an important role in the management of oil palm plantations. 
Mutual aid and consensus depended on this social capital. Therefore, it could be said 
that smallholders collaborated for long-term resource management using social capital, 
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and that social bonds and norms among smallholders were the most important 
conditions for constructive and sustainable production. In addition, community-based 
cooperative production organizations such as KUD were necessary for sustainable 
development. Smallholders could share knowledge and information about sustainable 
development from outside of the village via the organization. Furthermore, KUD played 
the role of negotiator between smallholders and the company designated as the core 
promoter for development of oil plantation. As a result, smallholders maintained their 
bargaining power. As for the management of the cooperative organization, it was found 
that democratic methods are employed. In the case of the KUD, the leaders of both the 
KUD and the farmers’ groups are elected by the members. Officials in these positions in 
the cooperative organizations are supposed to obtain the members’ agreement when 
making decisions on management.  
Besides the cooperative production organization, the administrative body of the 
community played an important role in supporting the livelihood of smallholders. Its 
performance was also an important factor for sustainable development. In the study 
village, the village office maintained a good relationship with KUD through daily 
contact. In addition, the cooperative production organization had established mutual 
trust with the company in the study area. The company supported smallholders 
technically and economically in order to develop and maintain the oil palm plantations. 
As a result, smallholders did not harbour negative feelings towards the company. This 
suggested that the company worked as a business partner with smallholders to stabilize 
production. Finally, government policies that support smallholders’ plantation 
management were necessary for long-term sustainability. 
This study successfully deepened our understanding of the local impacts of 
expanding oil palm plantation by drawing lessons from Indonesia’s experience. The 
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analysis is based on a case study that involved a multi-scale analysis of the impacts of 
oil palm development on the environment and local impact in the Ukui Sub-district, 
Pelalawan Regency, Riau Province. Findings suggested that smallholder cultivation of 
oil palm constituted an important livelihood activity, and that plantation employment 
also offered new livelihood opportunities to transmigrants. However, this came at the 
expense of tropical rainforest, as well as increases in local surface temperature.  
This thesis has mainly focused on the land surface environment. The sub-surface 
environment, such as geohydrological conditions, will require more intensive research 
for a profound understanding of the overall method. Biodiversity assessments are also 
necessary to measure the negative impact of oil palm plantation development in the 
environment. Also, the monitoring system for local surface temperature system is still in 
the early stages. To encourage development of this method on a larger scale, a more 
comprehensive webGIS system would need to be considered in future.  
The findings of this study are limited to the land use history, governance context, 
and socioeconomic characteristics of the research site and may not reflect 
socioeconomic impacts occurring elsewhere in Indonesia, especially in non-
transmigrant villages. Nevertheless, the findings highlight some room for assessment of 
sustainability improvement in both social and environmental practices of large-scale oil 
palm plantation development. 
Overall, the integrated assessment method proposed in this thesis represents an 
broad, effective and efficient analysis, and offers some effective solutions for fulfilling 
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